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(57) Abstract 

The present invention provides microfluidic devices and methods 
that arc useful for perfoiming high-throughput screening assays. In 
particular, die devices and methods of the invention are useful m 
screening large numbers of different compounds for their effects on a 
variety of chemical, and preferably, biochemical systems. The device 
includes a series of channels (110, 112), and opUonal reagent channel 
(114), fabricated into the surface of the substrate. At least one of these 
channels will typically have veiy small cross-sectional dimensions, c.g. 
in the range of from about 0.1 /im to about 500 /im. The device also 
includes reservoirs (104. 106 and 108), disposed and fiuidly connected 
at the ends of the channels (110 and 114). As shown, sample channel 
(112) is used to introduce the pluraUty of different test compounds mto 
the device. As such, this channel will generally be fluidly connected 
to a source of large numbers of separate test compounds that will be 
individually introduced into the sample channel (112) and subsequently 
into channel (110). 
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HIGH THROUGHPUT SCREENING ASSAY SYSTEMS IN 

MICROSCALE FLUIDIC DEVICES 

CROSS-REFERENCE TO RELATED APPUCATIONS 
This is a continuation-in-part of U.S. Patent Application Serial No. 
08/671.987 filed June 28, 1996, and U.S. Patent Application Serial No. 08/761.575 
filed December 06, 1996, each of which is hereby incorporated herein by reference 
in its ent^cty for all purposes. A United States Application, Attorney Docket No. 
017646-0004200 substantially identical to the present application was co-filed in the 
United States Patent Office on June 24, 1997. This application is also incorporated 
herein by reference. 

HELD OF THE INVENTION 

This application relates to apparatus and assay systems for detecting 
molecular interactions. The apparatus comprise a substrate with one or more 
intersecting channels and an electroosmotic fluid movement component, or other 
component for moving fluid in the channels on the substrate. 

BACKGROUND OF THE INVENTION 

There has long been a need for the ability to rapidly assay compounds 
for their effects on various biological processes. For example, enzymologists have 
long sought better substrates, better inhibitors or better catalysts for enzymatic 
reactions. SimUarly, in the pharmaceutical industries, attention has been focused on 
identifying compounds that may block, reduce, or even enhance the interactions 
between biological molecules. Specifically, in biological systems the interaction 
between a receptor and its ligand often may result, either directly or through some 
downstream event, in either a deleterious or beneficial effect on that system, and 
consequently, on a patient for whom treatmem is sought. Accordingly, researchers 
have long sought after compounds or mixmres of compounds that can reduce, block 
or even enhance that interaction. Similarly, the ability to rapidly process samples 
for detection of biological molecules relevant to diagnostic or forensic analysis is of 
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fundamental value for. e.g.. diagnostic medicine, archaeology, anthropology, and 
modem criminal investigation. 

Modem drug discovery is limited by the throughput of the assays that 
are used to screen compounds that possess these described effects. In particular, 
screening of a maximum number of different compounds necessitates reducing the 
time and labor requirements associated with each scieen. 

High throughput screening of collections of chemically synthesized 
molecules and of natural products (such as microbial fermentation broths) has dius 
played a central role in the search for lead compounds for the development of new 
pharmacological agents. The remarkable surge of interest in combinatorial 
chemistry and the associated technologies for generating and evaluating molecular 
diversity represent significant milestones in the evolution of this paradigm of drug 
discovery. See Pavia et al.. 1993, Bioorp . Med. Chem. Lett. 3: 387-396, 
incorporated herein by reference. To date, peptide chemistry has been the principle 
vehicle for exploring the utility of combinatorial methods in ligand identification. 
See Jung & Beck-Sickinger. 1992, Aneew . Chem . Int. Ed. Engl. 31: 367-383. 
incorporated herein by reference. This may be ascribed to the availability of a large 
and stmcmrally diverse range of amino acid monomers, a relatively generic, 
high-yielding solid phase coupling chemistry and the synergy with biological 
approaches for generating recombinant peptide libraries. Moreover, the potent and 
specific biological activities of many low molecular weight peptides make these 
molecules attractive starting points for therapeutic dmg discovery. See Hirschmami, 
1991. Angew. Chem. Int. Ed. Ingl. 30: 1278-1301, and Wiley & Rich, 1993. 
Med. Res. Rev. 13: 327-384. each of which is incorporated herein by reference. 
Unfavorable pharmacodynamic properties such as poor oral bioavailability and rapid 
clearance in vivo have limited the more widespread development of peptidic 
compounds as drugs, however. TTiis realization has recenUy inspired workers to 
extend the concepts of combinatorial organic synthesis beyond peptide chemistry to 
create libraries of known pharmacophores like benzodiazepines (see Bunin & 
Ellman. 1992. J. Chen,. Soc. 114: 10997-10998. incorporated herein by 

reference) as well as polymeric molecules such as oligomeric N-substimted glycines 
("peptoids") and oligocarbamates. See Simon et al.. 1992. Proc.JlaU. Acad Jci 
USA 89: 9367-9371; Zuckemiami et al.. 1992, J. Amer. Chem. Soc. IH- 
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,0646.10647- »d Cho « al.. 1993, Sste 261^1303-1305, «h of which is 

incoiporaled herein by reference. 

to sinrilar developnKnts. moch as modem combinaK>rial chemmn- 
has resulKd in a dranulic increase in UK number of .est componKis Uu. may be 

human genome researeh has also uncovered large numbers of new urge, 
molecules (e.,., genes ^ gene produc such as pro«ins and RNA, agains, which 

the efficacy of tts. compounds are screened. 

DespiB Uie hnprovemems achieved using parallel screening meOiods 
and ofter »chnologicl advances, such as robodcs and high *n>ughpu. d««.ion 
sys»ns, cuoen. screening meU.«.s s.m have a number of associaKd problems. For 
example, screening large numbers of samples using exisring parallel s«eemng 
^«.s have high space requiremems u> accommoda. *e samples and e,u,pmen.. 
e g robodcs. high COMS associattd wiU. to. equipmen., and high reagen. 
reqmremenrs necessary for p«fonning U» assays. Addidonally. in many cases, 
««ion volmnes must be very small .o accoun. for smaB amoun.s of 4e «< 

to. are available. Such small volmnes compound errors associa»d w.U. 
flmd handlmg and measuremen.. e.g.. due .o evaporation. smaU dispensing errors, 
or *e like. Addidonally, fluid handling equipmen. and med»ds have ^ically been 
^,e .0 handle U»se volume ranges wiU> any acc=p«ble level of accuracy due m 
part .0 surface Knsion effecE in suCh small volumes. 

The developmen. of sysa=ms K> address diese problems mus. consider 
a variery of aspect of *e assay process. Such aspect include urge, and compound 
sourees, «s. compound and urge. h««lling, specific assay requirement, and dao 
acquisidon. reducdon smrage and analysis. In pardcular, tt«re exisB a need for 
high Uttoughpu. screening med»ds and associaKd equipmen. and devices to. are 
capable of performing repeau^i, accural assay screens, and opera.mg a, very small 
volumes. 

The present invention meets these and a variety of other needs. In 
particular, the present invention provides novel methods and apparawses for 
performing screening assays which address and provide meaningful solutions to 
these problems. 
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SUMMARY OF THE INVENTION 
The present invention provides methods of screening a plurality of 
test compounds for an effect on a biochemical system. These methods typically 
utilize microfabricated substrates which have at least a first surface, and at least two 
intersecting channels fabricated into that first surface. At least one of the 
intersecting channels will have at least one cross-sectional dimension in a range 
from 0.1 to 500 ^m. The methods involve flowing a first component of a 
biochemical system in a first of the at least two intersecting channels. At least a 
first test compound is flowed from a second channel into the first channel whereby 
the test compound contacts the first component of the biochemical system. An 
effect of the test compound on die biochemical system is dien detected. 

In a related aspect, the method comprises continuously flowing the 
first component of a biochemical system in the first channel of the at least two 
intersecting channels. Different test compounds arc periodically introduced into die 
first channel from a second channel. The effect, if any. of die test compound on 
the biochemical system is dien detected. 

In an alternative aspect, die mediods utilize a substrate having at least 
a first surface widi a plurality of reaction channels fabricated into die first surface. 
Each of die plurality of reaction channels is fluidly connected to at least two 
transverse chamiels also fabricated in die surface. The at least first component of a 
biochemical system is introduced into die plurality of reaction channels, and a 
plurality of different test compounds is flowed dirough at least one of die at least 
two transverse channels. Furdier, each of die plurality of test compounds is 
introduced into die transverse channel in a discrete volume. Each of die plurality of 
different test compounds is directed into a separate reaction channel and die effect 
of each of die test compounds on die biochemical system is dien detected. 

The present invention also provides apparamses for practicing die 
above raediods. In one aspect, die present invention provides an apparatus for 
screening test compounds for an effect on a biochemical system. The device 
comprises a substrate having at least one surface widi at least two intersecting 
chamiels fabricated into die surface. TTie at least two intersecting chamiels have at 
least one cross-sectional dimension in die range from about 0.1 to about 500 ^m. 
The device also comprises a source of different test compounds fluidly comiected to 
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a first of the at least two intersecting channels, and a source of at least one 
component of the biochemical system fluidly comiected to a second of the at least 
two intersecting chamois. Also included are fluid direction systems for flowing the 
at least one component within the intersecting chamiels. and for introducing the 
different test compounds from the first to the second of the intersecting chamiels. 
-me apparams also optionally comprises a detection zone in the second channel for 
detecting an effect of said test compound on said biochemical system. 

In preferred aspects, the apparams of the invention includes a fluid 
direction system which comprises at least three electrodes, each electrode being in 
electrical contact with the at least two intersecting chamiels on a different side of an 
iMersection formed by the at least two intersecting channels. The fluid direcuon 
system also includes a control system for concomitantly applying a variable voltage 
at each of the electrodes, whereby movemem of the test compounds or the at least 
first component in the at least two intersecting chamiels are controlled. 

In another aspect, the present invention provides an apparams for 
detecting an effect of a test compomid on a biochemical system, comprising a 
substrate having at least one surface with a plurality of reaction chamiels fabncated 
into the surface. The apparams also has at least two transverse chamiels fabncated 
into the surface, wherein each of the plurality of reaction chamiels is fluidly 
comiected to a first of the at least two transverse chamiels at a first poim in each of 
the reaction chamiels. and fluidly comiected to a second transverse chamiel at a 
second point in each of the reaction channels. The apparams further includes a 
source of at least one componem of the biochemical system fluidly comiected to 
each of the reaction chamiels, a source of test compounds fluidly comiected to the 
first of the transverse chamiels, and a fluid direction system for controlling 
movemem of the test compound and the first componem within the transverse 
chamiels and the plurality of reaction chamiels. As above, the apparamses also 
optionally include a detection zone in the second transverse chamiel for detectmg an 
effect of the test compound on the biochemical system. 
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BRIEF DESCRIPTION OF THE DRAWING 
Figure 1 is a schematic illustration of one embodiment of a 
microlaboratory screening assay system of the present invention which can be used 
in running a continuous flow assay system. 

Figures 2A and 2B show a schematic illustration of the apparams 
shown in Figure 1, operating in alternate assay systems. Figure 2A shows a system 
used for screening effectors of an enzyme-substrate interaction. Figure 2B 
illustrates the use of the apparatus in sci«ening effectors of receptor-ligand 
interactions. 

Figure 3 is a schematic illustration of a "serial input parallel reaction" 
microlaboratory assay system in which compounds to be screened are serially 

introduced into the device but then screened in a parallel orientation within the 
device. 

Figures 4A-4F show a schematic illustration of the operation of the 
device shown in Figure 3. in screening a plurality of bead based test compounds. 

Figure 5 shows a schematic illusttation of a continuous flow assay 
device incorporating a sample shunt for performing prolonged incubation followed 
by a separation step. 

Figure 6A shows a schematic illustration of a serial input parallel 
reaction device for use with fluid based test compounds. Figures 6B and 6C show a 
schematic illustration of fluid flow patterns within the device shown in figure 6A. 

Figure 7 shows a schematic illustration of one embodimem of an 
overall assay systems which employs multiple microlaboratory devices labeled as 
"LabChips™" for screening test compounds. 

Figure 8 is a schematic illustration of a chip layout used for a 
continuous-flow assay screening system. 

Figure 9 shows fluorescence data from a continuous flow assay 
screen. Figure 9A shows fluorescence data from a test screen which periodically 
introduced a known inhibitor (IPTG) into a /?-galactosidase assay system in a chip 
format. Figure 9B shows a superposition of two data segments from Figure 9A. 
directly comparing the inhibitor data with control (buffer) data. 

Figure 10 illustrates the operating parameters of a fluid flow system 
on a small chip device for performing enzyme inhibitor screening. 
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Figure 11 shows a sctemiic iUustration of timing for sample/spacer 

loading in a microfluicUc device channel. 

Figure 12, panels A-0 schematically illustrate electrodes used m 

apparatuses of the invention. 

DESCRUTION OF THE PREFERRED EMBODIMENT 

I a|iip| irarinns tf Invention 

The present invention provides novel microlaboraior, systen« and 
^ ^ are useful for p«forn,i«8 higtthroughput screening assays. In 
particular, the ptesem invention provides microfluidic devices and methods of usmg 
such devices in screening large numb«s of different con,p»™is for their efTects on 
a varieiy of chemical, and prefiaably, biochemical systems. 

AS used herein, the phrase "biochemical system- generally refers to a 
ctonical interaction that involves molecules of the type generally found widnn 
U^g organisms. Such interactions inchute the full range of catabolic and anabohc 
^ons which occur in living syst«ns itriuding enzymanc. binding, signalhng and 
^ ^ons. Further, biochemical systems, as defied hereto, also include 

systems which are mimetic of a particular biochemical to.etac.ion. Examples 

of biochemical sys«ms of panicular to«res< m pracuctog d« presen. mvennon 
todude. e.g.. receptor-ligand inreracti^s. en^-substraB interactions, cellular 
signaltog pathways, transport reactions tovolving model barrier systems (e.g. . ceUs 
or membrane fractions) for bioavailabUity screenmg. and a variety of other gen«al 
sys^ms. cellular or organismal viabUity or acflvity may also be screened ustog 
n^Urods and apparamses of *e presen, mvendon. e.g.. m K.xicology smd.es. 
Biological ma.erials which are assayed iKiude, bu. are no. Iimi»d .o. cells, cellular 
ftacdor. (membranes. cy»sol prep^tions. cc). agonist ^ amagoms.s of cell 
^brane «cep«,rs (..«.. cell recep»r.liga»i inBracdons such as e.g.. .ransferxm. 
c-ki. viral recep«,r ligands (e.g.. CD4-HIV). cy«.ktae r=cep«.rs. chemokme 
„cep«>rs. m«rle«kto recepuirs. temunoglobulin recep»>rs and antibodies. *e 
cadhereto family, in«grm family, selecdn family. a»i d,e like; see. e.g.. 
Pigott and Power (1993) W f^^m Moln^.l? Academic Press New 

Yorlc and Huhne (ed, V.rr„^ [ l^^^ ASmmUW^ ^ickwood 
and Hames (series editors) IRL Press at Oxford Press NY), u,xins and venoms, 
viral epiK-pes. hormones (..g.. opiates, steroids, etc.). touacellular receptors (e.*. 
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which mediate the effects of various small ligands, including steroids, thyroid 
hormone, retinoids and vitamin D; for reviews see. e.g., Evans (1988) Science, 
240:889-895; Ham and Parker (1989) C«;r. Opin. CellBioL, 1:503-511; Burmtein 
et al. (1989). Ann. Rev. Physiol., 51:683-699; Truss and Beato (1993) Endocr. 
Rev. , 14:459-479). peptides, retro-inverso peptides, polymers of a-. /J-, or 
amino acids (D- or L-), enzymes, enzyme substrates, cofactors, dmgs, lectins, 
sugars, micleic acids (both linear and cyclic polymer configuiaiions), 
oligosaccharides, proteins, phospholipids and antibodies. Synthetic polymers such 
as heteropolymers in which a known drag is covalentiy bound to any of the above, 
such as polyuretiianes, polyesters, polycarbonates, polyureas. polyamides, 
polyetiiyleneimines, polyarylene sulfides, polysiioxanes, polyimides, and ' 
polyacetates are also assayed. Otiier polymers ar. also assayed using the systems 
described herein, as would be apparent to one of skill upon review of this 
disclosure. One of skill wUl be generaUy familiar with the biological literamre 
For a general introduction to biological systems, see. Berger and Kimmel, Guide to 
Molecular Cloning Techniques. Methods in Enzymology volume 152 Academic 
Press. Inc., San Diego, CA (Berger); Sambrx,ok al. (1989) Molecular Cloning - A 
Uboratory Manual (2nd ed.) Vol. 1-3. Cold Spring Harbor Laboratory Cold 
Spring Harbor Press, NY. (Sambrook); Current Protocols in Molecular Biology 
P.M. Ausubel et al. . eds.. Current Protocols, a joint vemure between Greene 
Publishing Associates, Inc. and John Wiley & Sons, Inc., (through 1997 
Supplement) (Ausubel); Watson et al. (1987) Molecular Ri^.n^ y .u. 
FQUrthEdition The Benjamin/Cummings Publishing Co., Menlo Park, CA- Watson 
et al. (1992) Recombinant DNA Second Edition Scientific American Books NY- 
Alberts et al. (1989) Molecular Biolo^ of th. CdljecondEditigg Garland 
Publishing. NY; Pattison (1994) PnnciEie^andP^^ 
Darnell ./.. (,990) Mojecular Cell Biology s..ond^. Scientific American 
Books, W.H. Freeman and Company; Berkow (ed.) JheJVlercJU^^ 
QmSimiM^Tt^, Merck & Co.. Rahway, NJ; Harrisonl^p^^ 
in^nial Medi, mg. TTiineenth Edition. Isselbacher et al. (eds). (1994) Lewin G^ 
5± Oxford University Press (1994); The "Practical Approach" Series of Booki 
(Rickwood and Hames (series eds.) by IRL Piess at Oxford University Press NY- 
ITie -FactsBook Series" of books from Academic Press, NY, ; Product infonnation 
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from nm-ufacoirers of biological reagems and experimental equipmem ato provide 
infonnadon mefdl in .paying biological S-ch manufacn«rs include, 

, g dtt SIGMA chemical company (Saint l«is, MO), R&D systems 
(Minneapolis, MN), Phan«icia LKB Biotechnology (Piscata«ay, NI), CLONTECH 
Uboratories, Inc. (Palo Alto, CA). Chem Genes Con>., Aldrich (3,em.cal 
Company (Milwaukee, Wl), Glen Research, Inc., OIBCO BRL Life Technologies, 
toe (Gaitbersberg, MD), Fluka ChemJca-Biochemilta Analydka (Huta Chem.. AG, 
Buchs, Switzerland). Invitrogen, San Diego, CA. and Applied Biosystems (Foster 
City CA). as weU as many other commercial sources known to one of s\M. 

In order to provide mediods and devices for screening compounds for 
effem on biochemical systems, .he presem invemion generally incorporates model 
in vitro systems which mimic a given biochemical system in vivo for which effector 
compom* are desir^i. The range of systems against which compounds can be 
screened and for which effector compounds are desired, is e«ensive. For e«mple, 
compounds are optionally screened for effects in blocking, slowing or otberw«e 
inhibiting key events associated wid. biochemical systems whose effect B 
undesirable. For example, test compounds are optionally sc..en«l for their abUtty 
to block systems that are responsible, a. least in part, for d» onset of disease or for 
the occurrence of particular symptoms of diseases, including, e.g.. hereditary 
diseases, cancer, bacterial or viral infections and the like. Compounds whKh show 
promising results in these screening assay med.ods can then be subjected to further 
testing to identic- effective pharmacological agems for the tream,ent of dtsease or 

symptoms of a disease. 

Alternatively, compounds can be screened for their ability to 
stimulate, enhance or otherwise induce biochemical systems whose function is 
believed to be desirable, e.g., to remedy existing deficiencies in a patient. 

Once a model system is selected, batteries of test compounds can then 
be applied against these model systems. By identifying those test compounds that 
have an effect on the particular biochemical system, in vitro, one can identify 

potential effectors of that system, in vivo. 

In their simplest forms, the biochemical system models employed m 
the methods and apparamses of the present invention will screen for an effect of a 
test compound on an interaction between two components of a biochemical system. 
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e.g.. receptor-ligand inieraction. enzyme-substrate interaction, and the like. In this 
form, the biochemical system model will typically include the two normally 
interacting components of the system for which an effector is sought, e.g., the 
receptor and its ligand or the enzyme and its substrate. 

Determining whether a test compound has an effect on this interaction 
then mvolves contacting the system with the test compound and assaying for the 
functioning of the system, e.g., njceptor-ligand binding or substrate mmover. The 
assayed fijnction is then compared to a control, e.g., the same reaction in the 
absence of the test compound or in the presence of a known effector. Typically, 
such assays involve the measmement of a parameter of the biochemical system. By 
"parametf: , r the biochemical system" is meant some measurable evidence of the 
system's functioning, e.g. , the presence or absence of a labeled group or a change 
in molecular weight (e.g.. in binding reactions, transport screens), the presence or 
absence of a reaction product or substrate (in substrate nimover measurements), or 
an alteration in electrophoretic mobUity (typically detected by a change in elution 
time of a labeled compound). 

Although described in terms of twoH:omponent biochemical systems, 
the methods and apparatuses may also be used to screen for effectors of much more 
complex systems, where the result or end product of the system is known and 
assayable at some level, e.g.. enzymatic pathways, cell signaling pathways and the 
like. Alternatively, the methods and apparamses described herein are optionally 
used to screen for compounds that interact with a single component of a biochemical 
system, e.g., compounds that specifically bind to a particular biochemical 
compound, e.g.. a receptor, ligand. enzyme, nucleic acid, stmctural 
macromolecule. etc. 

Biochemical system models may also be embodied in whole cell 
systems. For example, where one is seeking to screen test compounds for an effect 
on a cellular response, whole cells are optionally utilized. Modified cell systems 
may also be employed in the screening systems encompassed herein. For example, 
chmieric reporter systems are optionally employed as indicators of an effect of a test 
compound on a particular biochemical system. Chimeric reporter systems typically 
mcorporaie a heterogenous reporter system integrated into a signaling pathway 
which signals the binding of a receptor to its ligand. For example, a receptor is 
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ft^ „ a h«cn,logo«. eg. . - "^"^ 

A«iv«ion of rccepwr by Hgand bi»ii« aciva^s *e he^rologous protem 
which to. allows for de,«:uon. Tta, d« sum,g.« repo- sy»n, produces an 
even, or signal which is readUy de^oable. U,=reby providing an assay for 
^rmgand binding. Exan.pl.s of «b chimeric repornr sys«ms have been 

previously described in *e art. 

Addidonally, where one is screening for bioavailabiUQ,. e.g., 

biological bamers are opdonally ^ <^ ''^^^ 

generauy refers » celUUar or membra»»s Uyers wiUun biological sys«ms. or 

and endotelial Uyers. e.g. vascular endotheli. and Ae like. 

Biological responses are often mggered and/or comroUed by d« 
hinding of a recep-or .o i. ligand. For exan.ple. in^racdon of grow* fac<o., 
EOF FGF. PDGF, eK., wiU. *eir «epu,rs sdn»l»es a wide vanery of b.o.ogKal 
„^ including, e.g., cell prolifera^n and diftaenUauon. acdvadon of 
mediating enzyo«, sdmuUtton of messenger nunov«. al^rations in .on fluxes, 
acrtvadon of enzyn«s. changes in cell shape ^ ^ al^ra-on in gene.. e^..on 
levels Accordingly, con»l of imeracnon of *e recepu,r a»i .u hgand may 
offer conm,l of *e biological responses caused by U-at in.=rac.u,n. 

Accordingly, in one aspen, die presen. invenrion will be useful m 
scree.^g for compounds .ha, aftec. an in,eracdon be.ween a recep,or molecule and 
Ugands. AS used herein, .he «rm •recepu.r" generally refers .o o« member of 
a pair of compou«is which specif.cal.y recognize a»i bind .o each oto. o*er 
^hcr of .he pair is .ermed a -Ugand.- Thus, a recep.or,ligand pair may .nclude 

a^ prorein or small molecule. Recepior/ligand pairs may also .nclude 
anribody/anngen binding pairs, complemencry nucleic acids, nuclei ac.d 
as^iaung pro«ins ^ U.eir nucleic acid ligands. A large number »' ^' ""^ 
assocUdng biochemical compounds are well known in an a»i can be „..l.zed 
in oraciicing the present invention. 

TradLionally. melbods for scre«ung for effecK)rs of a recepu.r/l,gand 
iu.erac.ion have involved incubaiing a recepior/ligand binding pair in *e presence 
„, a «s. compomKi. The level of binding of fte recepwr/ligand pa.r .s ten 
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compared to negative and/or positive controls. Where a decrease in normal binding 
is seen, the test compound is detennined to be an inhibitor of the receptor/ligand 
binding. Where an increase in that binding is seen, the test compound is 
determined to be an enhancer or inducer of the interaction. 

In the interest of efficiency, screening assays have typically been set 
up in multiwell reaction plates, e.g., multi-well microplates. which allow for the 
simultaneous, parallel screening of large numbers of test compounds. 

A similar, and perhaps overlapping, set of biochemical systems 
includes the interactions between emsymes and their substrates. TTie term "enzyme" 
as used herein, generally refers to a protein which acts as a catalyst to induce a 
chemical change in other compounds or "substrates. " 

Typically, effectors of an enzyme's activity toward its substrate are 
screened by contacting the enzyme with a substrate in the presence and absence of 
the compound to be screened and muter conditions optimal for detecting changes in 
the enzyme's activity. After a set time for reaction, the mixmre is assayed for the 
presence of reaction products or a decrease in the amomit of substrate. THe amount 
of substrate that has been catalyzed is them compared to a control, i.e., enzyme 
contacted with substrate in the absence of test compound or presence of a known 
effector. As above, a compomid that reduces the enzymes activity toward its 
substrate is termed an "inhibitor," whereas a compound that accenniates that activity 
is tenned an "inducer. " 

Generally, the various screening methods encompassed by the present 
invention involve the serial introduction of a plurality of test compounds into a 
microfluidic device. Once injected into the device, the test compound is serened 
for effect on a biological system using a continuous serial or parallel assay 
orientation. 

As used herein, the term "test compound" refers to the collection of 
compounds that are to be screened for their abUity to affect a particular biochemical 
system. Test compounds may include a wide variety of different compounds, 
including chemical compounds, mixmres of chemical compounds, e.g 
polysaccharides, small organic or inorganic molecules, biological macromolecules 
e-g.. peptides, proteins, nucleic acids, or an extract made from biological materials 
such as bacteria, plants, fimgi, or animal cells or tissues, namrally occurring or 
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sy«he.ic composiUo... Depending upon ^ paaicular embodimcm be^ pracUced. 
^ «, compounds are pn,vide<l. e.g., injected, free in soluuon. or are optionally 
arched .0 a carrier, or a solid suppon, e.g.. beads. A number of suiuble solid 
suppom are employed for immobUization of U« «st compounds. Examples of 
sutoble solid support include agarose, cellulose. dex«n (commercially ava^able 
as i e Sq.ladex. Sepharose) carboxymelhyl cellulose, polys^rene. polyethylene 
glycol (PEG), fflter paper, nit«>cellulose. ion exchange tems. plastic fihns. glass 
teads. polyaminemethylvinyled^r maleic acid copolymer, amino acid copolymer, 
ethylene-maleic acid copolymer, nylon, siUc. etc. AdditioMlly. for the metitods and 
apparamses described herein, test compoutKls are screened mdividually, or m 
groups. Group screening is particularly useful where hit rates for effective test 
.™„ounds ate expecu»l to be low such that one would not expect more dun, one 
positive result for a given group. Alttmatively. such group screening is used where 
the effects of differem test compounds are differentially detected in a single system, 
e.g.. d«ough electropboretic separation of the effects, or differential labelling which 

enables separate detection. 

Test compounds are conunercially available, or derived from any of a 

variety of biological sources apparent to one of skill and as described, supra. In 
one aspect, a tissue homogenate or blood sample from a patient is tested m ±e 
assay systems of the invention. For example, in one aspect, blood .s tested for the 
presence or activity of a biologically relevant molecule. For example, the presence 
and activity level of an enzyme are detected by supplying and enzyme substrate to 
the biological sample and detecting the formation of a product using an assay 
systems of the invention. Similarly, the presence of infectious pathogens (viruses, 
bacteria, fungi, or the like) or cancerous mmors can be tested by monitoring 
binding of a labeled ligand to the pathogen or mmor cells, or a component of the 
pathogen or tumor such as a protein, cell membrane, cell extract or the like, or 
alternatively, by monitoring the presence of an antibody against the pathogen or 
tumor in the patient's blood. For example, the binding of an antibody from a 
patient's blood to a viral protein such as an fflV protein is a common test for 
monitoring patiem exposure to the virus. Many assays for detecting pathogen 
infection are well known, and are adapted to the assay systems of the present 



invention. 
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Biological samples are derived from patients using well known 

techniques such as venipuncture or tissue biopsy. Where the biological material is 

derived from non-human animals, such as commercially relevant livestock, blood 

and tissue samples are convenienUy obtained from livestock processing plants. 

Similarly, plant material used in the assays of the invention are conveniently derived 

from agricultural or horticutairal sources. Alternatively, a biological sample can be 

from a cell or blood bank where tissue and/or blood are stored, or from an in vitro 

source such as a cultm^ of cells. Techniques and mediods for establishing a culmre 

of cells for use as a source for biological materials arc well known to those of skill 

in the art. Freshney Culmre of Anim.i r.iic . a Manual of Basic Technig im ThirH 

Ediiion Wiley- Liss, New York (1994) provides a general introduction to cell 
culture. 

n. Assav Systems 

As described above, the screening metiiods of the presem invention 
are generally carried out in microfluidic devices or "microlaboratory systems," 
which allow for integration of the elements required for performing the assay, 
automation, and minimal environmental effects on the assay system, e.g.. 
evaporation, contamination, human error, or the like. A number of devices for 
carrying out the assay methods of the invention are described in substantial detail 
below. However, it will be recognized that the specific configuration of these 
devices will generally vary depending upon the type of assay and/or assay 
orientation desired. For example, in some embodiments, the screening methods of 
the invention can be carried out using a microfluidic device having two intersecting 
channels. For more complex assays or assay orientations, multichamiel/intersection 
devices are optionally employed. The small scale, integratability and self-contained 
namre of these devices allows for virtually any assay orientation to be realized 
within the context of the microlaboratory system. 
A. Electrokinetic Material Transport 

In preferred aspects, the devices, methods and systems described 
herein, employ electrokinetic material transport systems, and preferably, controlled 
electrokinetic material transport systems. As used herein, "electrokinetic material 
transport systems" include systems which transport and direct materials within an 
intercomiected chamiel and/or chamber containing strucmre, through the application 
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. ir. »i,»«.hv raiisinff material movement through and 
of electrical fields to the materials, thereby causmg raai« 

. J i u ^u-™ ; P rations will move toward the negative 
among the channel and/or chambers, i.e., cauons wui 

electrode, while anions will move toward the positive electrode. 

Such electrokinetic material transport and direction systems include 
those systems that rely upon the electrophoretic mobility of charged species within 
the electric field applied to the strucmre. Such systems are more particularly 
referred to as electrophoretic material transport systems. Other electrokinetic 
tnaterial direction and transport systems rely upon the electroosmotic flow of fluid 
and material within a channel or chamber strucmre which results from the 
application of an electric field across such strucmres. In brief, when a fluid is 
placed in^ • . c.^el which has a surface bearing charged functional groups, e.g.. 
hydroxyl groups in etched glass channels or glass microcapUlaries, those groups can 
ionize In the case of hydroxyl functional groups, this ionization, e.g., at neutral 
pH results in the release of protons from the surface and into the fluid, creating a 
concentration of protons at near the fluid/surface interface, or a positively charged 
sheath surrounding the bulk fluid in the channel. Application of a voltage gradient 
across the length of the chamiel, will cause the proton sheath, as well as the fluid it 
surrounds, to move in the direction of the voltage drop, i.e., toward the negauve 
c lec trode 

•ConirolW electroktaetic material transport and direction, ■ as used 
berein refers to electrokinetrc systems as described above, »bich employ active 
control of the voltages applied at mtitiple. i.e., more Om two, electrodes. 
Rcptosed, such controlled electrokinedc systems concomitantly regulate voltage 
gnuiients applied across at least two intersecting chan^ls. Controlled electrolunettc 
Lrial Im U described Published PCT Applicatton No. WO 96/04547, to 
Ramsey, which is incorporated herein by reference in its entirety for all purposes, 
in particular, UK preferred microfluidic devices and systems descrtbed herem, 
include a body stnrcmre which includes at leas, two intersecting channels or flmd 
conduits, e.g., intercotmected, enclosed chambers, which chan«ls it^lude at least 
tee nnintersected termini. Tte intersecaon of two channels refers to a potnt at 
which two or more channels are m fluid communication with each other, and 
encompasses -T" intersectio.., cross intersections, "wagon wheel" intersections of 
multiple chanr^ls, or any odKr chamKl geometry where two or more channels are 
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in such nuid communication. An unintersected tenninus of a channel is a point at 
which a chamiel terminates not as a result of that chamiel's intersection with another 
chamiel, e.g.. a "T" intersection. In preferred aspects, the devices will include at 
least three intersecting channels having at least four unintersected termini. In a 
basic cross channel strucuire, where a single horizontal channel is intersected and 
crossed by a single vertical channel, controlled electrokinetic material transpon 
operates to conu-ollably direct material flow through the intersection, by providing 
constraining flows from the other channels at the intersection. For example, 
assuming one was desirous of transporting a first material through the horizontal 
chamiel, e.g., from left to right, across die intersection with the vertical chamiel 
Simple electrokinetic material flow of this material across the intersection could be 
accomplished by applying a voltage gradiem across the length of the horizontal 
chamiel, i.e., applying a fint voltage to the left temiinus of this chamiel, and a 
second, lower voltage to the right terminus of this chamiel, or by allowing the right 
termimK to float (applying no voltage). However, this type of material flow 
through the intersection would result in a substamial amomu of diffiision at the 
intersection, resulting from bodi the namral diffusive properties of the material 
being transported in the medium used, as well as convective effects at the 
intersection. 

In controlled electrokinetic material transport, the material being 
transponed across the intersection is constrained by low level flow from the side 
chamiels, e.g.. the top and bottom chamiels. TTiis is accomplished by applying a 
slight voltage gradient along the path of material flow, e.g.. from the top or bottom 
termmi of the vertical chamiel. toward the right temiinus. Ihe result is a 
"pinching" of die material flow at the intersection, which prevents the diffusion of 
the material into the vertical chamiel. The pinched volume of material at the 
intersection may then be injected into the venical chamiel by applying a voltage 
gradiem across the length of the vertical chamiel. i.e.. from the top terminus to the 
bottom terminus. In order to avoid any bleeding over of material from the 
horizontal chamiel during this injection, a low level of flow is directed back into 
the side Chamiels, resulting in a >11 back" of the material from the intersection. 

In addition to pinched injection schemes, controlled electrokinetic 
material transport is readily utUized to create virmal valves which include no 
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niechanical or moving parts. Specifically, with reference to the cross intersection 
described above, fiow of material from one channel segment to another, e.g.. the 
left aim to the right arm of the horizontal channel, can be efficiently regulated, 
stopped and reinitiated, by a controlled flow from the vertical chamiel, e.g., from 
the bottom arm to the top arm^of the vertical channel. Specifically, in the 'ofT 
mode, the material is transported from the left arm, through the intersection and 
into the top arm by applying a voltage gradient across the left and top termini. A 
constraining flow is directed from the bottom arm to the top arm by applying a 
similar voltage gradient along this path (from the bottom terminus to the top 
terminus). Metered amounts of material are then dispensed from the left arm into 
the right arm of the horizontal chamiel by switching the applied voltage gradient 
from left to top, to left to right. The amount of time and the voltage gradient 
applied dictates the amount of material that will be dispensed in this mamier. 
Although described for the purposes of illustration with respect to a four way. cross 
intersection, these controlled electrokinetic material transport systems can be readily 
adapted for more complex imercomiected chamiel networks, e.g.. arrays of 
interconnected parallel channels. 

B. rontinuous F '"'" Afssav Svstems 

In one preferred aspect, the methods and apparamses of the invention 
are used in screening test compounds using a continuous flow assay system. 
Generally, the continuous flow assay system can be readily used in screening for 
inhibitors or inducers of enzymatic activity, or for agonists or antagonists of 
receptor-ligand binding. In brief, the continuous flow assay system involves the 
continuous flow of the particular biochemical system along a microfabricated 
chamiel. As used herein, the term "cominuous" generally refers to an unbroken or 
contiguous stream of the particular composition that is being continuously flowed. 
For example, a continuous flow may include a constant fluid flow having a set 
velocity, or altertiatively. a fluid flow which includes pauses in the flow rate of the 
overall system, such that the pause does not otherwise interrupt the flow stream. 
The functioning of the system is indicated by the production of a detectable event or 
signal. In one preferred embodiment, such detectable signals include optically 
detectable chromophoric or fluorescent signals that are associated with the 
ftmctioning of the particular model system used. For enzyme systems, such signals 
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wUl generally be produced by products of the enzyme's catalytic action, e.g.. on a 
chromogenic or nuorogenic substrate. For binding systems, e.g.. receptor ligand 
interactions, signals wUl typically involve the association of a labeled ligand with 
the receptor, or vice versa. 

A wide variety of other detectable signals and labels can also be used 
in the assays and apparamses of the invention. In addition to the chromogenic and 
fluorogenic labels described above, radioactive decay, electron density, chanees in 
pH, solvent viscosity, temperamre and salt concentration arc also conveniemly 
measured. 

More generally, labels arc commonly detectable by spectroscopic, 
photochemical, biochemical, immunochemical, or chemical means. For example, 
useful nucleic acid labels include 32P. 35S, fluorescent dyes, electron-dense 
reagents, enzymes (e.g., as commonly used in an EUSA). biotin, dioxigenin, or 
haptens and proteins for which antisera or monoclonal antibodies arc available. A 
wide variety of labels suitable for labeling biological components are known and are 
reported extensively in both the scientific and patent literamre. and arc generally 
applicable to the presem invention for the labeling of biological components. 
Suitable labels include radionucleotides. enzymes, substrates, cofactors, inhibitors, 
fluorescent moieties, chemiluminescent moieties, magnetic particles, and the like. 
Ubeling agents optionally include e.g., monoclonal antibodies, polyclonal 
antibodies, proteins, or otiier polymers such as affinity matrices, carbohydrates or 
lipids. Detection proceeds by any of a variety of known methods, including 
spectrophotometric or optical tracking of radioactive or fluorcscem markers, or 
other metiiods which track a molecule based upon size, charge or affinity. A 
detectable moiety can be of any material having a detectable physical or chemical 
property. Such detectable labels have been well-developed in the field of gel 
electrophoresis, column chromatograpy. solid substrates, spectroscopic techniques, 
and the like, and in general, labels usefiil in such metiiods can be applied to tiie 
present invention. Thus, a label is any composition detectable by spectroscopic, 
photochemical, biochemical, immunochemical, electrical, optical thermal, or 
chemical means. Useful labels in die present invention include fluorescent dyes 
(e.g., fluorescein isotiiiocyanate. Texas red. rhodamine. and die like), radiolabels 
(e.g., 3H. 1251. 35S. 14C. 32P or 33P). enzymes (e.g., LacZ. CAT. horse radish 
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peroxidase, alkaline phosphatase and others, commonly used as detectable enzymes, 
either as marker products or as in an EUSA), nucleic acid intercalators {e.g., 
ethidium bromide) and colorimetric labels such as colloidal gold or colored glass or 
plastic (e.g. polystyrene, polypropylene, latex, etc.) beads. 

Fluorescent labels are particularly preferred labels. Preferred labels 
are typically characterized by one or more of the following: high sensitivity, high 
stability, low background, low environmental sensitivity and high specificity in 
labeling. 

Fluorescent moieties, which are incorporated into the labels of the 
invemion, are generally are known, including 1- and 2-aminonaphthalene, p,p '- 
diaminosulbenes, pyrenes, quaternary phenanthridine salts, 9-aminoacridines, 
p.p'-diaminobenzophenone imines. anthracenes, oxacarbocyanine, merocyanine, 

3- aminoequilenin, perylene, &w-benzoxazole, few-p-oxazolyl benzene, 

1.2 benzophenazin, retinol, to-3-aminopyridinium salts, hellebrigenin, tetracycline, 
sterophenol, benzimidazolylphenylamine, 2-oxo-3-chromen, indole, xanthen, 
7-hydroxycouraarin, phenoxazine, calicylate, strophanthidin, porphyrins, 
triaryhnethanes and flavin. Individual fluorescent compounds which have 
functionalities for linking to an element desirably detected in an apparams or assay 
of the invention, or which can be modified to incorporate such functionalities 
include, e.g., dansyl chloride; fluoresceins such as 

3.6-dihydroxy-9-phenylxanthhydrol; rhodamineisothiocyanate; N-phenyl l-amino-8- 
sulfonatonaphthalene; N-phenyl 2-amino-6-suIfonatonaphthalene; 

4- acetamido-4-isothiocyanato-stilbene-2,2'-disulfonic acid; pyrene-3-sulfonic acid; 
2-toluidinonaphthalene-6-sulfonate; N-phenyl-N-methyl- 
2-aminoaphthalene-6-sulfonate; ethidium bromide; stebrine; 
auromine-0,2-(9'-anthroyl)pahnitate; dansyl phosphatidylethanolamine; 
N,N'-dioctadecyl oxacarbocyanine: N.N'-dihexyl oxacarbocyanine; merocyanine, 
4-'(3'pyrenyl)stearate; d-3-aminodesoxy-equilenin; 12-(9'-anthroyl)stcarate; 
2-methylanthracene; 9-vinylanthracene; 2,2'(vinylene-p-phenylene)bisbenzoxazole; 
p-&w(2-(4-methyl-5-phenyl-oxazolyl))benzene; 6-dimethylamino-l ,2-benzophenazin; 
retinol; 6/5(3 '-aminopyridinium) 1 , 10-decandiyl diiodide; sulfonaphthylhydrazone of 
hellibrienin; chlorotetracycline; 

N-(7-dimethylamino-4-mediyl-2-oxo-3-chromenyl)maleimide: N-(p-(2- 
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benzimidazolyD-phenyDmaleimide; N-(4-nuoranthyI)maleimide; bis(homovanilIic 
acid); resazarin; 4-chloro-7-nitro-2,1.3- benzooxadiazole: merocyanine 540; 
resorufin; rose bengal; and 2.4^iphenyl-3(2H)-furanone. Many nuorescent tags are 
commercially available from SIGMA chemical company (Saint Louis. MO). 
Molecular Probes. R&D systems (Minneapolis, MN). Pharmacia LKB 
Biotechnology (Piscataway, NJ), CLONTECH Uboratories. Inc. (Palo Alto. CA). 
Chem Genes Corp.. Aldrich Chemical Company (Milwaukee, WI). Glen Research, 
Inc., GIBCO BRL Life Technologies. Inc. (Gaithersberg, MD). Fluka Chemica- 
Biochemika Analytika (Huka Chemie AG, Buchs. Switzerland), and Applied 
Biosystems (Foster City. CA) as well as odier commercial sources known to one of 
skiU. 

Desirably, fluorescent labels absorb light above about 300 ran. 
preferably about 350 ran, and more preferably above about 400 nm, usually 
emitting at wavelengths greater than about 10 nm higher than die wavelength of the 
light absorbed. It should be noted that the absorption and emission characteristics 
of the bound label may differ from the mibound label. Therefore, when referring to 
the various wavelength ranges and characteristics of the labels, it is intended to 
indicate the labels as employed and not die label which is unconjugated and 
characterized in an arbitrary solvent. 

Fluorescent labels are one preferred class of detectable labels, in part 
because by irradiating a Huorescem label witii light, one can obtain a plurality of 
emissions. Tims, a single label can provide for a plurality of measurable events. 
Detectable signal may also be provided by chemilmninescem and bioluminescent 
sources. Chemiluminescent sources include a compound which becomes 
electronically excited by a chemical reaction and may tfien emit light which serves 
as tiie detectible signal or donates energy to a Huorescent acceptor. A diverse 
mmiber of families of compounds have been found to provide chemiluminescence 
under a variety or conditions. One family of compounds is 2,3-dihydro-l,4- 
phtiialazinedione. The most popular compound is luminol, which is a 5-amino 
compound. Other members of die family include die 5-amino-6,7.8-trimedioxy- and 
the dunetiiylamino[ca]benz analog. These compounds can be made to luminesce 
with alkaline hydrogen peroxide or calcium hypochlorite and base. Anotiier family 
of compomKis is die 2,4.5-triphenylimida20les, widi lophine as die common name 



PCT/US97/10894 



WO 98/00231 



21 

,„ „e pa.„. produc,. Ch«ni..mi»s«n. a^o,s include .a««an.^ and 
« substi^ec. Ch^nilun-incsce^ n», also .e ««aU«d wiO, o«l..s. 

oxaiyi acd,e estc. e.g.. p-nim^y a"- a peroxide, e.g., hy<^ 
pe^xide. under basic conditions. O*., useM cb«niiuminesce« compou«U arc 
also l.n„™ >^ availabie. including -N-alM acridinum e«.rs (b3s,c W and 
dioxe^nes. A,»n«iv=.,. iuciferins n.y be usej.in conjuncdon w.d. lucferase or 

lucigenins to provide bioluminescence. 

. . ^ ^:r^fiv nr indirectly to a molecule to be detected 
The label is coupled direcuy or inairccuy lu 

(. p^duc.. subs^aie. e„^, or *e m according » nKU»ds 
„ AS U-ica^d above, a Wide variery of .abeis are used, wid- d« cborce oHa^i 
d«»nding 0. S: «nsi«vi.y required, ease of conjugaUon of .he compou^i. srabri,., 
^iJ«s. avaiiabie ins— n. and disposal provisions. Non rad-oacuve 

Ubeis are often ««hed by indirec. „«ans. Generaiiy. a .igand — <^ « . 
bioun, is covaienu, bound » a po.yn«r. Ugand .hen binds .o an^-l.g»K. 
(e , . sTepavidin, moiecule whicb is »*er inb.r««., d.«c»b.e or covalendy 

.„ a signai sys»„. such as a d«e«,b,e en^. a ~ 
a cbemiiumi^scen. con^nd. A number of iigands and anu-Ugands can .» used. 
Where a ligand has a nanual ami-ligand, for exan„le. biolin, *yrox.ne. a.«i 
Where a nganu anli-ligands. Alternatively, any 

Cortisol, it can be used in conjunction w«h labeled, anu iigan 
naptenic or antige^c compound c«. be used in combinauon with an anttbody. 
Labels can also be conjugated direcdy to sig«d generating compounds, . J., b 
conjugation wim an enzyn« or nuo«^r=. Enzymes of interest as labels «,11 
primarily be hydrolases, particularly phosphatases, esterases and glycostdases, or 
oxidoreductases, particularly peroxidases. Fluorescent compounds mclude 
fluorescein and its derivatives, rhodamine and its derivatives, dansyl, umbell^rone, 
«c Chemilumincscent compounds include lacifenn, and 
2 SHiihydrophtiuaazinediones, ..g. , Means of detains labels are well 

ta,„„ to those of skUl in ti« art. Tim. for example, ..here the label .s a 
radioactive label, means for detection include a scintillation counter or phou,graph,c 
fdm as in autoradiography. Where .he label is a fluorescent label, it may be 
detected by exching ti« fluorochrome wiU. Ute ap^ria« wavelengU. of hgh. and 
detecting the resulting fluorescence, e.g., by mtooscopy. visual inspectton. v,a 
photognphic fihn, by tite use of electronic de»»rs such as digital cameras, charge 
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coupled devices (CCDs) or photomultipliers and phototubes, and the like. 
Fluorescent labels and detection techniques, particularly microscopy and 
spectroscopy arc preferred. Similarly, enzymatic labels are detected by providing 
appropriate substrates for the enzyme and detecting the resulting reaction product. 
Finally, simple colorimetric labels are often detected simply by observing the color 
associated with the label. For example, conjugated gold often appears pink, while 
various conjugated beads appear the color of the bead. 

In preferred aspects, the continuous system generates a constant 
signal which varies only when a test compound is introduced that affects the system. 
Specifically, as the system components flow along the channel, they will produce a 
relatively constant signal level at a detection zone or window of die channel. Test 
compounds are periodically introduced into the channel and mixed with the system 
components. Where those test compounds have an effect on the system, it will 
cause a deviation ftom the constant signal level at the detection window. This 
deviation may then be correlated to the particular test compound screened. 

One embodiment of a device for use in a serial or continuous assay 
geometry is shown in Figure 1. As shown, the overall device 100 is fabricated in a 
planar substrate 102. Suitable substrate materials arc generally selected based upon 
their compatibility with the conditions present in the particular operation to be 
performed by the device. Such conditions can include extremes of pH, temperamre. 
salt concentration, and application of elecuical fields. Additionally, substrate 
materials are also selected for tiieir inermess to critical components of an analysis or 
synfliesis to be carried out by the device. 

Examples of usefiil substrate materials include, e.g., glass, quartz and 
silicon as well as polymeric substrates, e.g. plastics. In the case of conductive or 
semi-conductive substrates, it will generally be desirable to include an insulating 
layer on the substtate. This is particularly important where the device incorporates 
electrical elements, e.g.. electrical material and fluid direction systems, sensors and 
tiie like. In tiie case of polymeric substrates, tiie substrate materials are optionally 
rigid, semi-rigid, or non-rigid, opaque, semi-opaque or transparent, depending upon 
tiie use for which they arc intended. For example, devices which include an optical 
or visual detection element, will generally be fabricated, at least in part, from 
transparent materials to allow, or at least, facilitate Uiat detection. Alternatively. 



_ PCT/US97/10894 
WO 98/00231 

23 

»i».ov.s of. e.g., gl-ss or ^. are opdonally i.o,po„»i iruo *e 
for rypes deXcUo. e,eme«. A<ldUional.,, U« polymery ™«na. 
™, h,v. .i««r or br»d»d backbones, arxi are oprtomUy crossli*d or no. 
crosslinted Examples of parteularly preferred polymeric ma^rials .nclude. e.g., 
ir^yUUo^L <PDMS,, polyure^ane. polyvinylobloride <PVC, po,s.re„e, 

polysulfone, polycarbonate ^ 'f;^ ^ ^ nO. .12, 

The device shown in Figure 1 mciuoes 
^ opuonal reagen. cham«. U4. ,abric«ed l«o U« surface of a,e M 
,«« one Of *ese cbanneU »m typically l-ve very small cr.s ^ona. 

e.g., m .he range of f^m a.»n, 0.1 ^ » abou, 500 ^ • 
a„ cr^^secUo^l dimensions of *e channe. «ill be in dK range o ,*om abo . 0. 
„ abon. 200 ^ and more pref^bly in ^ range of from ab™, 0.1 .„ .boua«, 
^. ,n pardcnlarly preferred aspect, eacb of d„ cbanneU will luve a^leas^one 
^.sccrlona. dimension m d« range of f«m abo« 0. 1 ^ » '^Zrorder .o 
AIU».gh generally shown as srraigh. cbam«ls. 1. «m be apprec»«d m ord« .o 
^ U.. nse of space on a subs».. se,pemi.«, sa« rood, or od»r cbannel 
gcomeuie., ,0 incorpora« effe«lve„ longer channels i. sho,«r d^. 

Mannfacmring of fl»se microscale elemems i«o d» surface of d« 
„ may generally be carried on. b, any number of '^"^'^ 
^bniques ^a, are well .^v™ in U« art. For example, .id^-graphic «chn,,pes are 
opdonall, employed in fabricaring, e.g.. glass, ,uaru or silicon subs«a«, usmg 
n„U^ .ell l^own in ^ semia,nduc.or m^mfacnning .ndnsmes such. 
pbo«.lid»gr.phic e^hing, plaama etching or we. chemical euhmg. Al^nufvely. 
^romachining med»ds such as laser drillmg, mlcromming and dre l*e are 
op^nally employed, SimUarty. for polymeric snbsrraus, well known 
luring .echni^ues ma, also be used. These ,echni,u.s ..lude ,n,ec„c« 
moldhrg or sramp molding med»ds where large mmibers of subs»« are op ona ly 

moiomg 1 r microscale subsnaEs 

produced using, e.g., rolling snm.ps.0 produce large sheeu, of mu: 

L polymer mioocasdng .echniques where d« sub^E is pclymeroed w.dnn 

•^•^Zl^ will .ypically include an addlUonal pla^r elemen, which 
overlays die channeled .bs.ra« enclosing and fluidl, sealing *e various channels 
.0 form conduit. A.uching d« plan^ cover elemem is achieved by a vanery of 
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means, including, e.g.. thermal bonding, adhesives or. in the case of certain 
substrates, e.g.. glass, or semi-rigid and non-rigid polymeric substrates, a namral 
adhesion between the two componems. TTie planar cover element may additionally 
be provided with access pons and/or reservoirs for introducing the various fluid 
elements needed for a particular screen. 

The device shown in Figure 1 also includes reservoirs 104. m and 
108, disposed and fluidly connected at the ends of the chamiels HO and 114 As 
shown, sample chamiel 112. is used to introduce the plurality of differem test 
compounds into the device. As such, this channel will generally be fluidly 
comiected to a source of large numbers of separate test compounds that will be 

mdividually ^n^oduced into the sample chamiel 112 and subsequently into chamiel 
110. 

Tie imroduclioii of large nmnbeis of iiiilmdiial. discrett volumes of 
<es. Qompomtb mtt, sample is earned ou. by a ...mber of methods. For 
example. micropipe«„rs are opdonally used .o imroduee .he tts, compounds imo tf« 
<le™e. In pr=f«ied aspects, an electropipe.K,r is used which is fluidly connected to 
ample chamKl 112. An example of such «, elec„pipettor is described in. e g 
U.S. Patent Application Serial No. 08/671.986. fUed Jm« 28. 1996 (AttonKy ' 
Docket No, OI7646.O0050O) the disd^ure of which is hereby incorporated hereto 
by teference in its entin»y for all putposes. Genetally. d,is elect..,pipe,«,r utUizes 
electroosmotic fluid direction as describe! hereto, u, alternately sample a nmnber of 
«st compounds, or -subject maierials." and sp^r compounds. TTte pipettor then 
delivers mdividual. physically isolated sample or test compound votames in subject 
nutertal n=gio„s. in series, toto the sample cham«l for subsequent manipulation 
wtthm the device. Individual samples are typically separated by a spacer region of 
low tonic suength spacer fluid, -n^se low ionic strengd, spacer .egions have higher 
voltage drop over their length than do dte higher ionic sttength subject material or 
.^ compound regions, thereby drivtog dte electroktoeUc pumping. On either side 
of the test compound or subject material region, which is typically m higher ionic 
strength solution, ate fluid regions referred to a. flrs, spacer tegions (also referred 
to as guard bands"), d^ contact the totetface of dte subject material regiom 
nese first spacer regions typically comprise a high i»uc strengd, solMi„„ ,„ 
prevent migration of ^ sample elements toto the lower ionic strength fluid regions 
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or second spacer region, which would result m elecm,phorctic bias. The use of 
s^a, fim and second spacer region is described in g,«uer deuU in U.S. Pa<en. 
Application S«ial No. 08/671.986, fled June 28, 1996. (A«om.y Docke. No. 
017646^500) which is incorporated herein by reference. 

Alternatively, die sample channel 112 is optionally individually 
fluidly connected to a plutality of separate re«rvoirs via separau= channels. The 
separate reservo^ each contain a separate test compound with additional reservotrs 
betag provided for appropriate spacer compounds. Tl.e test compounds and/or 
spacer compounds a,, then transport! from d>e various reservoirs into the sample 
cbatmeU using appn,priate material direction schemes, either case. .. genetally ,s 
ttesirable to separate the discrete sample votames. or test compounds, wth 

appropriate spacer regions. 

AS Shown, UK device also includes a detection window or zone 116 at 

which a signal from the bioctonical syst«n is opnonally monitored. This detecuon 
™dow typically will include a transparent cover allowing visual or opncal 
Observation and detecdon of d.e assay tesults, e.g., observation of a colorometnc or 

fluorometric response. 

In particularly preferred aspects, monitoring of the signals at d>e 

detecuon window is achieved using an optical detection system. For example, 
fluores^nce based signals are typically monitoted using, e.g., laser acnvated 
fluorescence detection systems which employ a laser light source a. an appropnate 
wavelengU, for acUvaung d« fluoresce™ indica»=r within the system. Fh.oresce»:e 
is then detected using an appropriate detector elemem. e.g., a photomul.ipl.er mbe 
(PMT). Similarly, for screens employing colorometric signals, spectrophotometnc 
detection systems which direct a light source at the sample are optionally used, 
providing a measuremem of absorbance or transmissivity of .he sample. 

In alu=mative aspects, the detection system may compose non-opt.cal 
ae,ec„>rs or sensors for detecting a pardcular characteristic of the system disposed 
within detection window 116. Such sensors may include temperamre. conduc«v.ty, 
potendometric (pH. ions), amperometric (for compounds that are ox.d.zed or 
reduced, e.g.. O, HA. L. oxidizable/reducible organic compounds, and the Idte). 

In operation, a flowable flrst componem of a biological system, e.g.. 
a fluid comprising a receptor or enzyme, is placed in reservoir 104. This flrst 
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component is flowed through main channel 110. past the detection window, 116. 
and toward waste reservoir 108. A second component of the biochemical system, 
e.g.. a ligand or substrate, is concurrenUy flowed into the main channel 110 from 
the side channel 114, whereupon the first and second components mix and are able 
to interact. Deposition of these elements within the device is carried out in a 
number of ways. For example, the enzyme and substrate, or receptor and ligand 
solutions can be introduced into the device through open or sealable access ports in 
the planar cover. Alternatively, these components are optionally added to their 
respective reservoirs during manufacOire of the device. In the case of such pre- 
added components, it is desirable to provide these components in a stabilized form 
to allow for prolonged shelf-life of the device. For example, the enzyme/substrate 
or receptor/ligand components are optionally provided within the device in 
lyophilized fom. Prior to use, these components are easily reconstimted by 
introducing a buffer solution into the reservoirs. Alternatively, the components are 
lyophilized with appropriate buffering salts, whereby simple water addition is all 
that is required for reconstitotion. 

As noted above, die interaction of the first and second components is 
typically accompanied by a detectable signal. For example, in those embodiments 
where the first component is an enzyme and the second a substrate, die substrate is 
a chromogenic or fluorogenic substrate which produces an optically detectable signal 
when die enzyme acts upon the substrate. In the case where the first component is 
a receptor and the second is a ligand, eidier the ligand or the receptor optionally 
includes a detectable signal. In either event, die mixture and flow rate of 
compounds will typically remain constant such that the flow of die mixture of the 
first and second components past die detection window 116 will produce a steady- 
state signal. By "steady state signal" is generally meant a signal that has a regular, 
predictable signal intensity profile. As such, die steady-state signal may include 
signals having a constant signal intensity, or alternatively, a signal widi a regular 
periodic intensity, against which variations in die normal signal profile is measured. 
This latter signal is generated in cases where fluid flow is periodically interrupted 
for, e.g., loading additional test compomids, as described in die description of die 
continuous flow systems. Aldiough die signal produced in die above-described 
enzymatic system will vary along die lengdi of die channel, i.e.. increasing widi 
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time of exposure as the enzyme converts the fluorogenic substrate to the fluorescent 
product, the signal at any specific point along the channel will remain constant. 

given a constant flow rate. 

From sample chamiel 112. test compounds is periodically or serially 

introduced into the main chamiel 110 and into the stream of first and second 
components as fluid regions containing the test compound, also referred to as the 
"subject material regions." Where these test compounds have an effect on the 
imeraction of the first and second elements, it will produce a deviation m the signal 
detected at the detection window corresponding to the subject material region. As 
noted above, typically, the various differem test compomids to be injected through 
chamiel 112 will be separated by a first and even second spacer fluid regions to 
allow differentiation of the effects, or lack of effects, from one test compound to 
another In those embodiments where electroosmotic fluid direction systems are 
employed, the spacer fluid regions may also function to reduce any electrophoretic 
bias that can occur within the test sample. The use of these spacer regions to dnve 
the electroosmotic flow of fluids, as weU as in the general elimination of 
electrophoretic bias within the sample or test compound or subject material regions 
is substantially described in U.S. Patent Application Serial No. 08/671.986. filed 
June 28. 1996 (Attorney Docket No. 017646^500). previously incorporated 

herein by reference. 

By way of example, a steady, continuous flow of enzyme and 
fluorogenic substrate through main chamiel 110 will produce a constant fluorescent 
signal at the detection window 116. Where a test compound inhibits the enzyme, 
introduction of a test compound, i.e., in a subject material region, will produce a 
momentary but detectable drop in the level of signal at the detection window 
corresponding with that subject material region. The timing of the drop in signal 
can then be correlated with a particular test compound based upon a known injecuon 
to detection time-frame. Specifically, the time required for an injected compound to 
produce an observed effect can be readily determined using positive controls. 

For receptor/ligand systems, a sunUar variation in the steady state 
signal may also be observed. Specifically, the receptor and its fluorescem ligand 
can be made to have different flow rates along the channel. This can be 
accomplished by incorporating size exclusion matrices widiin the chamiel. or. in 
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the case of electroosmotic methods, altering the relative electrophoretic mobUity of 
the two compounds so that the receptor Hows more rapidly down the channel. 
Again, this is accomplished through the use of size exclusion matrices, or through 
the use of different surface charges in the channel which will result in differential 
now rates of charge-varied compounds. Where a test compound binds to the 
receptor, it will result in a dark pulse in the fluorescent signal followed by a 
brighter pulse. Without being bound to a particular dieory of operation, it is 
believed that the steady state signal is a result of both free fluorescent ligand, and 
fluorescent ligand bound to the receptor. The bound ligand is traveling at the same 
flow rate as the receptor while the unbound ligand is travelmg more slowly. Where 
the test compound inhibits the receptor-ligand interaction, die receptor will not 
•bring along' the fluorescent ligand, thereby diluting the fluorescent ligand in the 
direction of flow, and leaving an excess of free fluorescent ligand behind. This 
results in a temporary reduction in the steady-state signal, followed by a temporary 
increase in fluorescence. Alternatively, schemes similar to those employed for die 
enzymatic system is employed, where there is a signal that reflects the interaction of 
the receptor with its ligand. For example, pH indicators which indicate pH effects 
of receptor-ligand binding is incorporated into the device along with the biochemical 
system, i.e., in the form of encapsulated cells, whereby slight pH changes resulting 
from binding can be detected. See Weaver, et al.. Bio/Technolnov (1988) 6:1084- 
1089. Additionally, one can monitor activation of enzymes resulting from receptor 
ligand binding, e.g., activation of kinases, or detect conformational changes in such 
enzymes upon activation, e.g., through incorporation of a fluorophorc which is 
activated or quenched by the conformational change to the enzyme upon activation. 

Flowing and direction of fluids within the microscale fluidic devices 
is carried out by a variety of methods. For example, the devices may include 
integrated microfluidic strucnires, such as micropmnps and microvalves, or external 
elements, e.g.. pumps and switching valves, for the pumping and direction of the 
various fluids through the device. Examples of microfluidic strucmres are described 
in. e.g., U.S. Patent Nos. 5,271,724, 5.277.556. 5.171,132, and 5.375.979. See 
also. Published U.K. Patem Application No. 2 248 891 and Published European 
Patent Application No. 568 902. 
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Aiaough mtoM-ricMed fluid pumping amd valving systtu« .« 
^i,y CHM-Ioyed in ^ device o, *e invmion. .be cos, and complex!., 3Ssocia.ed 
wi* u«ir manufacm^ and opennon can ge.«rally P^Ubi. d«ir use m .»s- 
produced disposable devices as are envisioned by .he p^sen, inven.ion For du 
Lo. in plcuurly preferred aspec.. d« devices of «.e inve»ion wU ^.call, 
include elecm»smodc fluid dire«ion sys«m. Sucb fluid direcuon sys»ns 
combine .he elegance o, a mid direc«on sys«m devoid of moving pans. an 
ease of manuf^ring, fluid co^ro. and disposabili.,. B-P'-' P"™*^^ 
preferred e.e«roosmo* fluid direcdon sys»ns i.«l«de. e.g.. --"^ 
...enmional Pa.e« Applicauon No. WO 96/04547 ,„ Ramsey e. al.. winch .s 
incorpora^d herein by refe«nce in iB emirefl- for aU purposes. 

In brief. U«s. fluidic connol sys«ms ^ic^lly inchule elecuodes 
disposed wi^in d« reservoirs U». are Placed in fluid com«cUon .idjd.^^ 

of Lersecung channels fabrica«d i«o *e ^a« of U« s«bs».. 

s^red h, die reservoirs are «nspor«d dnough d» channel ^^^^^ 

^ria. volumes o, d.e various ma«rials » one or more reg.ons on U« s«bs«a« 

in order .0 carry out a desired screenmg assay. 

Fluid and ma^rials ttanspor, and direcuon is accomphsb«i ftrougb 
Cecm-osmosis or elecroldnesU. In brief, when an appropri«e '-'^■^^y 
compris.ng a fluid, is placed in a cham«, or od»r fluid co..uU bavmg mnc.,»al 

presen. a. die surface. ^ can ionize. For example^ where ^ 
LI of ^ cham^l i»:.udes hydroxy. fU^fiona. groups a. me surface. pro.ons 
L leave d« ^ace of U« cham>el a». e»er fluid. Under .ch cond,uons, *e 
.rface wUl pos»=ss a n« negative charge, w,«reas d.e fluid wU, possess an exc«s 
:tro»ns o^posiave charge, particnlaHy localized near d,e i«erfa« be™«n^ 
chLl surface a»l ^ fluid. By applying an elecric field along 0« e^ of d« 
cham^l, cadons will flow .oward U» nega.ive ele«rode. Movement of ^ 
positively Charged species in d« fluid .he solven. wid. d»m. The s«ady ^ 
velocity of Bus fluid movemem is generally given by die ecpation; 

47n? 

Where V is solvem velocity. . is d» dielectiic constant of d,e fluid « is d,e zeu 
potential of *e surface. E is Ute electric field strengd.. and , is *e solvem 



wo 98/00231 



PCT/US97/10894 



30 



Viscosity. n,us. as can be easily seen from this equauon. the solvent velocity is 
direcUy proponional to the surface potential. 

To provide appropriate electric fields, the system generally includes a 
voltage controller that is capable of applying selectable voltage levels, 
simultaneously, to each of the reservoirs, including ground. Such a voltage 
controller can be implemented using multiple voltage dividers and multiple relays to 
obtain the selectable voltage levels. Alternatively, multiple, independem voltage 
sources are optionally used. Th, voltage controller is electrically comiected to each 
of the reservoirs via an electrode positioned or fabricated within each of the 
plurality of reservoirs. 

incorporating this electroosmotic fluid direction system into the 
device shown in Figure 1 involves incorporation of an electrode within each of the 
reservoirs 104. 106 and 108, and at the terminus of sample chamiel 112 or at the 
terminus of any fluid chamiels competed thereto, wheitrby the electrode is in 
electrical contact with the fluid disposed in the respective reservoir or channel. 
Substrate materials are also selected to produce channels having a desired surface 
charge. In the case of glass substrates, die etched channels wUl possess a net 
negative charge resulting from the ionized hyilroxyls namrally present at the 
surface. Alternatively, surface modifications arc optionally employed to provide an 
appropriate surface charge, e.g.. coatings, derivatization, e.g.. silanation, or 
impregnation of the surface to provide appropriately charged groups on the surface 
Examples of such treamients are described in, e.g.. Provisional Patem Application 
Senal No. 60/015.498, filed April 16. 1996 (Attorney Docket No. 017646-002600) 
which is hereby incorporated herein by reference in its entirety for all purposes. 

In brief, suitable substrate materials are generally selected based upon 
their compatibility with tiie conditions present in die particular operation to be 
performed by the device. Such conditions can include extremes of pH, temperature 
and sah concentration. Additionally, substrate materials are also selected for tiieir 
mertness to critical componems of an analysis or synthesis to be carried out by 
device. Polymeric substrate materials may be rigid, semi-rigid, or non-rigid, 
opaque, semi-opaque or transparem. depending upon the use for which they are 
intended. For example, devices which include an optical or visual detection 
elemem. will generally be fabricated, at least in pan. from a transparent polymeric 
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material lo facUiUte that detection. Alternatively, transparent windows of , e.g. 
glass or quartz, may be incorporated into the device for these detection elements. 
Additionally, the polymeric materials may have linear or branched backbones, and 
may be crosslinked or non-crosslinked. Examples of polymeric materials include, 
e.g., Acrylics, especially PMMAs (polymethylmethacrylates); exemplar acrylics 
include e.g., Acrylite M-30 or Acrylite L-40 available from CYRO Industries, 
Rockaway. NJ. or PLEXIGLAS VS UVT available from Autohaas North America; 
polycart)onates'(^.g.. Makrolon CD-2005 available from The Plastics and Rubber 
division of Mobay Corporation (Pittsburg. PA) or Bayer Corporation, or LEXAN 
OQ 1020L or LEXAN OQ 1020. both available from GE Plastics) 
polydimethylsiloxanes (PDMS). polyurethane. polyvinylchloride (PVC) polystyrene, 
polysulfone, polycarbonate and the like. Optical, mechanical, thermal, electrical, 
and chemical resUtance properties for many plastics are well known (and are 
generally available from the manufacturer), or can easily be determined by standard 

assays. 

As described herein, the electrokinetic fluid control systems employed 
in the devices of the present mvention generally utilize a substrate having charged 
functional groups at its surface, such as the hydroxyl groups presem on glass 
surfaces. As described, devices of the presem invention can also employ plastic or 
other polymeric substrates. In general, these substrate materials have hydrophobic 
surfaces. As a result, use of electrokinetic fluid control systems in devices utilizing 
polymeric substrates used in the present invention typically employs modification of 
the surfaces of the substrate that are in contact with fluids. 

Surface modification of polymeric substrates may take on a variety of 
differem forms. For example, surfaces may be coated with an appropriately 
charged material. For example, surfactants with charged groups and hydrophobic 
tails are desirable coating materials. In short, the hydrophobic tails will localize to 
the hydrophobic surface of the substrate, thereby presenting the charged head group 

at the fluid layer. 

In one embodimem, preparation of a charged surface on the substrate 

involves the exposure of the surface to be modified, e.g.. the channels and/or 
reaction chambers, to an appropriate solvem which partially dissolves or softens the 
surface of the polymeric substrate. A detergent is then contacted with the partially 
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dissolved surface. The hydrophobic ponion of the detergent molecules will 
associate with the partially dissolve polymer. The solvent is then washed from the 
surface, e.g.. using water, whereupon the polymer surface hardens with the 

detergem embedded into the surface, presenting the charged head group to the fluid 
interface. 

In alternative aspects, polymeric materials, such as 
polydimethylsiloxane. may be modified by plasma irradiation. In particular, plasma 
irradiation of PDMS oxidizes the methyl groups, liberating the carbons and leaving 
hydroxyl groups in their place, effectively creating a glass-like surface on the 
polymeric material, with its associated hydroxyl functional groups. 

The polymeric substrate may be rigid, semi-rigid, nonrigid or a 
combination of rigid and nonrigid elements, depending upon tiie particular 
application for which the device is to be used. In one embodiment, a substrate is 
made up of at least one softer, flexible substrate elemem and at least one harder, 
more rigid substrate element, one of which includes the chamiels and chambers 
mamtfactured into its surface. Upon mating tiie two substrates, the inclusion of ti,e 
soft elemem allows formation of an effective fluid seal for die chamiels and 
chambers, obviating die need and problems associated with gluing or melting more 
rigid plastic components togeUier. 

A number of additional elements are added to the polymeric substrate 
to provide for the electrokinetic fluid control systems. THese elements may be 
added eitiier during die substrate formation process, i.e., during die molding or 
stamping steps, or tiiey may be added during a separate, subsequem step. TTiese 
elements typically include electrodes for die application of voltages to the various 
fluid reservoirs, and in some embodiments, voltage sensors at the various chamiel 
intersections to monitor the voltage applied. 

Electrodes may be incoiporated as a portion of die molding process. 
In particular, die electrodes may be patterned widun die mold so diat upon 
introduction of die polymeric material into die mold, die electrodes will be 
appropriately placed. Alternatively, die electrodes and odier elements may be added 
after die substrate is formed, using well known microfabrication mediods, e.g.. 
sputtering or controlled vapor deposition mediods followed by chemical etching. 
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Whether polymeric or other substrates are used, modulating voltages 
are concomitantly applied to the various reservoirs to affect a desired fluid flow 
characteristic, e.g., continuous flow of receptor/enzyme, ligand/substrate toward the 
waste itJservoir with the periodic introduction of test compounds. Particularly, 
modulation of the voltages applied at the various reservoirs can move and duect 
fluid flow through the intercomiected chamiel strucmre of the device in a controlled 
mamier to effect the fluid flow for the desired screening assay and apparams. 

Figure 2A shows a schematic illustration of fluid direction durmg a 
typical assay screen. SpeciftcaUy. shown is the injection of a test compound (in a 
subject material region) imo a continuous stream of an enzyme-fluorogenic substrate 
mixmre. As shown in Figure 2A, and with reference to Figure 1, a contmuous 
stream of enzyme is flowed from reservoir 104, along main chamiel 110. Test 
compounds 120. separated by appropriate spacer regions 121, e.g., low .omc 
strength spacer regions, are introduced from sample chamiel lU into main chamiel 
110 Once introduced into the main chamiel, the test compounds will imeract with 
the flowing enzyme stream. The mixed enzyme/test compomid regions are then 
flowed along main chamiel 110 past the intersection with chamiel 114. A 
continuous stream of fluorogenic or chromogenic substrate which is contained m 
reservoir 106. is imroduced into sample chamiel 110, whereupon it contacts and 
mixes with the continuous stream of enzyme, including the subject material regions 
which include the test compounds 122. Action of the enzyme upon the substrate 
will produce an increasing level of the fluorescent or chromatic signal. This 
increasing signal is indicated by the increasing shading within the main chamiel as it 
approaches the detection window. This signal trend will also occur within those test 
compomid or subject material regions which have no effect on the enzyme/substrate 
interaction, e.g., test compomid 126. Where a test compound does have an effect 
on the imeracrion of the enzyme and the substrate, a variation will appear m the 
signal produced. For example, assmning a fluorogenic substrate, a test compound 
which inhibits the interaction of the enzyme with its substrate will result in less 
fluorescent product being produced within that subject material region. This will 
result in a non-fluorescent, or detectably less fluorescem region within the flowmg 
stream as it passes detection window 116, which corresponds to the subject material 
region. For example, as shown, a subject material region including a test 
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compound 128. which is a putative inhibitor of the enzyme-substrate interaction, 

shows detectably lower fluorescence than the surrounding stream. This is indicated 

by a lack of shading of subject material region 128. 

A detector adjacent to the detection window monitors the level of 

fluorescem signal being produced by the enzyme's activity on the fluorogenic or 
chromogenic substrate. This signal remains at a relatively constant level for those 
test compounds which have no effect on the enzyme-substrate interaction. When an 
inhibitory compomul is screened, however, it will produce a momentary drop in the 
fluorescent signal representing the reduced or inhibited enzyme activity toward the 
substrate. Conversely, inducer compounds, upon screening, produce a momentary 
increase in the fluorescent signal, corresponding to the increased enzyme activity 
toward the substrate. 

Figure 2B provides a similar schemauc illustration of a screen for 
effectors of a receptor-ligand interaction. As in Figure 2A. a continuous stream of 
receptor is flowed from reservoir 104 through main chamiel 110. Test compounds 
or subject material regions 150 separated by appropriate spacer fluid regions 121 
are introduced into the main channel 110 from sample channel 112. and a 
continuous stream of fluorescent ligand from reservoir 106 is imroduced from side 
chamiel 114. Fluorescence is indicated by shading within the chamiel. As in 
Figure 2A. the continuous stream of fluorescem ligand and receptor past the 
detection window 116 will provide a-constant signal intensity. The subject material 
regions in the stream, containing the test compounds which have no effect on the 
receptor-ligand interaction, wiU provide the same or similar level of fluorescence as 
the rest of the surromKiing stream, e.g., test compound or subject material region 
152. However, the presence of test compounds which possess antagonistic or 
inhibitory activity toward the receptor-ligand interaction will resuh in lower levels 
of that interaction in those portions of the stream where those compounds are 
located, e.g., test compomid or subject material region 154. Further, differential 
flow rates for the receptor bound fluorescem ligand and free fluorescem ligand will 
result in a detectable drop in the level of fluorescence which corresponds to the 
dilution of the fluorescence resulting from unbound, faster moving receptor. The 
drop in fluorescence is then followed by an increase in fluorescence 156 which 
corresponds to an accmnulation of the slower moving, unbound fluorescem ligand 
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In some embodiments, it is desirable to provide an additional channel 
for shunting off or extracting the subject material region reaction mixmre from the 
nunung buffer and/or spacer regions. This may be the case where one wishes to 
keep the reaction elements contained within the a discrete fluid region during the 
reaction, while allowing these elements to be separated during a data acquisition 
stage AS described previously, one can keep the various elements of the reacuon 
together in the subject material region that is moving through the reaction channel 
by incorporating appropriate spacer fluid regions between samples. Such spacer 
fluid legions are generally selected to retain the samples within their original subject 
material regions, i.e., not allowing smearing of the sample into the spacer regions, 
even duri.. .--.longed reaction periods. However, this goal can be at odds w,th 
those assays which are based upon the separation of elements of the assay, e.g.. 
ligand-receptor assays described above, or where a reaction product must be 
separated in a capillary. Thus, it may be desirable to remove those elements which 
prevemed such separation during the initial portions of the fluid direction. 

A schematic illustration of one embodiment of a device 500 for 
performing this sample or subject material shmiting or extraction is shown in Figure 
5 As shown, the subject materials or test compounds 504 are introduced to the 
device or chip via the sample chamtel 512. Again, these are typically introduced 
via an appropriate injection device 506, e.g., a capillary pipettor. The ionic 
strength and lengths of the first spacer regions 508 and second spacer regions 502 
are selected such that those samples with the highest electrophoretic mobility will 
not migrate through the first spacer regions 508 into the second spacer regions 502 
in the length of time that it takes the sample to travel down the reaction chamiel. 

Assuming a receptor ligand assay system, test compounds pass mto 
the device 500 and into reaction channel 510, where they are first combined with 
the receptor. The test compound/receptor, in the form of the subject material 
regions, are flowed along the reaction chamiel in the incubation zone 510a. 
Following this initial incubation, the test compound/receptor mix is combmed with a 
labelled ligand (e.g.. fluorescent ligand) whereupon this mixmre flows along the 
second incubation region 510b of reaction chamiel 510. The lengths of the 
incubation regions and the flow rates of the system (determined by the potentials 
applied at each of the reservoirs 514, 516, 518. 520, 522, and at the terminus of 
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sample channel 512) determine the time of incubation of the receptor with the 
fluorescent ligand and test compoimd. The ionic strengths of the solutions 
containing the receptors and fluorescent ligands, as well as the flow rates of 
material from the reservoirs housing these elements into the sample channel are 
selected so as to not interfere with the first and second spacer regions. 

The isolated subject material regions containing receptor, fluorescent 
ligand and test compound are flowed along the reaction channel 510 by the 
application of potentials at. e.g., reservoirs 514. 516. 518 and at the terminus of 
sample channel 512. Potentials are also applied at reservoirs 520 and 522, at the 
opposite ends of separation channel 524, to match the potentials at the two ends of 
the transfer channel, so that the net flow across the transfer channel is zero. As the 
subject material region passes the intersection of reaction channel 510 and transfer 
channel 526, the potentials are allowed to float at reservoirs 518 and 522, 
whereupon the potentials applied at reservoirs 514, 516, 520, and at the terminus of 
sanq)le channel 512. result in the subject material region being shunted through 
transfer channel 526 and into separation channel 524. Once in the separation 
channel, the original potentials are reapplied to all of the reservoirs to stop the net 
fluid flow through transfer channel 526. The diversion of the subject material can 
then be repeated with each subsequent subject material region. Within the 
separation channel, the subject material region is exposed to different conditions 
than those of the reaction channel. For example, a different flow rate may be used, 
capillary treatments may allow for separation of differentially charged or different 
sized species, and the like. In a preferred aspect, the subject material is shunted 
into the separation channel to place the subject material into a capillary filled with 
high ionic strength buffer, i.e., to remove the low ionic strength spacer regions, 
thereby allowing separation of the various sample components outside the confines 
of the original subject material region. For example, in the case of the above- 
described receptor/ligand screen, the receptor/ligand complex may have a different 
electrophoretic mobility from the ligand alone, in the transfer channel, thereby 
allowing more pronounced separation of the complex from the ligand. and its 
subsequent detection. 
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Such modifications have a wide variety of uses, particularly where it 
is desirable to separate reaction products foUowing reaction, e.g.. in cleavage 
reactions, fragmentation reactions, PGR reactions, and the like. 

C. Sftriat in Parg ""' Assay Svstems 

More complex systems can also be produced within the scope of the 
present invemion. For example, a schematic illustration of one alternate 
embodiment employing a "serial input parallel reaction" geometry is shown in 
Figure 3. As shown, the device 300 again includes a planar substrate 302 as 
described previously. Fabricated into the surface of die substrate 302 are a series of 
parallel reaction chamiels 312-324. Also shown are tiiree transverse channels 
fluidly connected to each of these parallel reaction channels. The three transverse 
chamiels include a sample injection chamicl 304. an optional seeding chamiei 306 
and a collection channel 308. Again, the substrate and chamiels are generally 
fabricated utilizing die materials and to die dimensions generally described above. 
Aldiough shown and described in terms of a series of parallel chamiels, die reaction 
chamiels may also be fabricated in a variety of different orientations. For example, 
radier dian providing a series of paraUel chamiels fluidly connected to a single 
transverse channel, die channels are optionally fabricated connecting to and 
extending radially outward from a central reservoir, or are optionally arranged in 
some otiier non-parallel fashion. Additionally, aldiough shown witii duee transverse 
channels, it will be recognized diat fewer transverse channels are used where, e.g., 
die biochemical system components are predisposed widiin die device. SimUarly, 
where desired, more transverse channels are optionally used to introduce further 
elements into a given assay screen. Accordingly, die serial-in- parallel devices of 
die presem invention will typically include at least two and preferably diree, four, 
five or more transverse channels. SimUarly, aldiough shown widi 7 reaction 
channels, it will be readily appreciated diat die microscale devices of die presem 
invention will be capable of comprising more dian 7 channels, depending upon die 
needs of die particular screen. In preferred aspects, die devices will include from 
10 to about 500 reaction channels, and more preferably, from 20 to about 200 
reaction channels. 
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This device may be particularly useful for screening test compounds 
serially injected into the device, but employing a parallel assay geometry, once the 
samples are introduced into the device, to allow for increased throughput. 

In operation, test compounds in discrete subject material regions, are 
serially introduced into the device, separated as described atwve, and flowed along 
the transverse sample injection channel 304 until the separate subject material 
regions are adjacent the intersection of the sample channel 304 with die parallel 
reaction channels 310-324. As shown in Figures 4A-4F, the test compounds are 
optionally provided immobilized on individual beads. In those cases where the test 
compounds are immobilized on beads, the parallel channels are optionally fabricated 
to include bead resting wells 326-338 at the intersection of the reaction channels 
with the san^le injection channel 304. Arrows 340 indicate the net fluid flow 
during this type of sample/bead injection. As individual beads setde into a resting 
well, fluid flow through that particular channel will be generally restricted. The 
next bead in the series following the unrestricted fluid flow, then flows to the next 
available resting well to settle in place. 

Once in position adjacent to the intersection of the parallel reaction 
channel and the sample injection channel, the test compound is directed into its 
respective reaction channel by redirecting fluid flows down those channels. Again, 
in those instances where the test compound is immobilized on a bead, the 
immobilization will typically be via a cleavable linker group, e.g., a photolabile, 
acid or base labile linker group. Accordingly, the test compound will typically need 
to be released from the bead, e.g., by exposure to a releasing agent such as light, 
acid, base or die like prior to flowing the test compound down the reaction channel. 

Widiin the parallel channel, the test compound will be contacted with 
the biochemical system for which an effector compound is being sought. As shown, 
the first component of die biochemical system is placed into the reaction channels 
using a similar technique to diat described for the test compounds. In particular, 
the biochemical system is typically introduced via one or more transverse seeding 
channels 306. Arrows 342 illustrate die direction of fluid flow within die seeding 
channel 306. The biochemical system are optionally solution based, e.g., a 
continuously flowing enzyme/substrate or receptor-ligand mixmre, like Uiat 
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d«criW above, or as shown in Figures 4A^F, may be a whole cell or t«d based 
systtm e g., beads which have en^yme/substrare sys^ms imnobili^d *ereon. 

In those instances where the biochemical system is incorporated m a 
partcle. e.g.. a cell or bead, the parallel channel may include a particle retention 
^ 344 Typically, such retention zones will include a panicle sievtng or 
fUtmion matrix, e.g., a porous gel or microsmtcmre which retams paniculate 
n^terial but aUows the free now of fluids. Examples of microstmctures for thts 
filtration include, e.g.. those described in U.S. Paten. No. 5,304,487, which is 
hereby incorporan:d by reference in its entirery for all purposes. As w«h the 
continuous system, fhnd direction within Ute more complex systems may be 
generally controlled using microfabricated fluid dnecion strucmres, e.g., pumps 
and valves. However, as the systems grow more complex, such systems become 
Utgeiy unmanageable. Accordingly, el«troosmotic systems, as described above, 
are generally prefen«l for controlltag Md in these more complex systems. 
Typically, sud, syst«ns wiU incorporate electrodes within reservoirs disposed at 
.enmni of the various transverse champs to control fluid flow dtorough the dev.ce. 
ta some aspects, it is desirable to ir^hrfe electrodes at the t^mim of all various 
channels. This ge«r,lly provides for more direct control, but also grows less 
useable as systems grow more complex. In order to uUto fewer electrodes 
and thus reduce the potential complexity, it may often be desirable m parallel 
systems, e.g., where two fluids are desired to move at sim.lar rates m parallel 
Channels, to adjust the geometries of the various flow channels. In particular, as 
channel length increases, resisumce along channel will also increase. As such, 
flow lengte benveen electiodes should be designed to be substantially ft. same 
^gardless of U>e paraUel pati, chosen. This will generally prevem tite generation o, 
transverse electrical ftelds and thus promote eqH «»» i" ^' P""'" 
accomplish substimtially the same r«isunce between the electiodes, one can alter 
the geometry of the channel st™:mre to provide for the ame chamKl length, and 
thus the chamtel resistance, regardless of tire pad. tiavelled. Alternatively, 
resistance of chamiels are optionally adjusted by varying tite cross-sectional 
dimensions of pati.s, U«:reby creating uniform resistance levels regardless of fl« 

path taken. 
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As the test compounds are drawn through their respective parallel 
reaction channels, they will contact the biochemical system in question. As 
described above, the particular biochemical system will typically include a Howable 
indicator system which indicates the relative functioning of that system, e.g., a 
soluble indicator such as chromogenic or fluorogenic substrate, labelled ligand, or 
the like, or a particle based signal, such as a precipitate or bead bound signalling 
group. The flowable indicator is then flowed through the respective paraUel 
chamiel and into die collection chamiel 308 whereupon the signals from each of the 
parallel channels are flowed, in series, past the detection window. 116. 

Figures 4A-4F. witii reference to Figure 3, show a schematic 
illustration of the progression of the injection of test compounds and biochemical 
system components imo the "serial input parallel reaction" device, exposm-e of die 
system to the test compounds, and flowing of the resulting signal out of the parallel 
reaction channels and past die detection window. In particular. Figure 4A shows 
the introduction of test compounds immobilized on beads 346 through sample 
injection chamiel 304. Simihirly. die biochemical system components 348 are 
introduced into the reaction chamiels 312-324 through seeding channel 306. 
Although shown as being introduced into the device along with die test compounds, 
as described above, the components of the model system to be screened arc 
optionally incorporated into die reaction channels during manufacnire. Again, such 
components are optionally provided in liquid foim or in lyophilized form for 
increased shelf life of die panicular screening device. 

As shown, die biochemical system components are embodied in a 
cellular or panicle based system, however, fluid components may also be used as 
described herein. As die particulate components flow into die reaction chamiels, 
diey are optionally retained upon an optional panicle retaining matrix 344, as 
described above. 

Figure 4B illustrates die release of test compounds from die beads 
346 by exposing die beads to a releasing agent. - As shown, die beads arc exposed 
to light from an appropriate light source 352, e.g.. which is able to produce light in 
a wavelengdi sufficiem to photolyze die linker group, diereby releasing compounds 
diat are coupled to dieir respective beads via a photolabile linker group. 
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In Figure 4C, the released test compounds are flowed into and along 
the parallel reaction channels as shown by arrows 354 until they contact the 
biochemical system components. The biochemical system components 348 are then 
allowed to perform their function, e.g., enzymatic reaction, receptor/ligand 
interaction, and the like, in the presence of the test compounds. Where the various 
components of the biochemical system are immobilized on a solid support, release 
of the components from their supports can provide the initiating event for the 
system. A soluble signal 356 which corresponds to tiie functioning of the 
biochemical system is Uien generated (Figure 4D). As described previously, a 
variation in tiie level of signal produced is an indication that tiie particular test 
compound - effector of the particular biochemical system. This is illustrated by 

the lighter shading of signal 358. 

In Figures 4E and 4F. the soluble signal is then flowed out of 
reactions channels 312-324 into the detection chamiel 308, and along the detection 

channel past the detection window 116. 

Again, a detection system as described above, located adjacent the 
detection window wUl monitor the signal levels. In some embodiments, tiie beads 
which bore tiie test compounds are optionally recovered to identify the test 
compounds which were present tiiereon. This is typically accomplished by 
incorporation of a tagging group during the syntiiesis of tiie test compound on tiie 
bead. As shown, spem bead 360, i.e.. from which a test compound has been 
released, is optionally transported out of tiie chamiel strucmre tiirough port 362 for 
identification of tiie test compound tiiat had been coupled to it. Such identification 
are optionally accomplished outside of tiie device by directing tiie bead to a fraction 
collector, whereupon ttie test compounds present on tiie beads are optionally 
identified, eitiier tiirough idemification of a tagging group, or through identification 
of residual compounds. Incorporation of tagging groups in combinatorial chemistry 
metiiods has been previously described using encrypted nucleotide sequences or 
chlorinated/fluorinated aromatic compounds as Ugging groups. See. e.g.. Published 
PCT Application No. WO 95/12608. Alternatively, tiie beads are optionally 
transported to a separate assay system witiun tiie device itself whereupon tiie 
identification is carried out. 
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Figure 6A shows an alternate embodiment of a "serial input parallel 
reaction" device which can be used for fluid based as opposed to bead based 
systems. As shown the device 600 generally incorporates at least two transverse 
channels as were shown in Figures 3 and 4. namely, sample injection channel 604 
and detection channel 606. ITiese transverse channels are interconnected by the 
series of parallel channels 612-620 which connect sample channel 604 to detection 
channel 606. 

The device shown also includes an additional set of channels for 
directing the flow of fluid test compounds into the reaction channels. In panicular, 
an additional transverse pumping channel 634 is fluidly connected to sample channel 
604 via a series of parallel pumping channels 636-646. The pumping channel 
includes reservoirs 650 and 652 at its termini. The intersections of parallel channek 
636-646 are staggered from die intersections of parallel channels 612-620 witii 
sample channel 604. e.g.. half way between. Similarly, transverse pumping 
channel 608 is connected to detection channel 606 via parallel pumping channels 
622-632. Again, the intersections of parallel pumping channels 622-632 widi 
detection channel 606 arc staggered from the intersections of reaction channels 612- 
620 widi the detection channel 606. 

A schematic illustration of the operation of this system is shown in 
Figures 6B-6C. As shown, a series of test compounds, physically isolated from 
each other in separate subject material regions, arc introduced into sample channel 
604 using the methods described previously. For electroosmotic systems, potentials 
are applied at die terminus of sample channel 604, as well as reservoir 648. 
Potentials are also applied at reservoirs 650:652, 654:656. and 658:660. This 
results in a fluid flow along the transverse channels 634. 604, 606 and 608. as 
Ulustrated by die arrows, and a zero net flow dirough the parallel chamiel arrays 
interconnecting diese transverse channels, as shown in Figure 6B. Once the subject 
material regions containing die test compounds are aligned widi parallel reaction 
channels 612-620, connecting sample channel 604 to detection channel 606. as 
shown by die shaded areas m Figure 6B, flow is stopped in all transverse directions 
by removing die potentials applied to die reservoirs at die ends of diese channels. 
As described above, die geometry of die chamiels can be varied to maximize die use 
of space on die substrate. For example, where die sample channel is straight, die 
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dis<3«= l«.w«n r«aio„ cbam«ls (a»i te. U« number of p«allel reactions that 
^ be oarr^d out in a size limited subarau=) is dictated by the distance between 
subject material regions. THese restrictions, however, can be eliminated through the 
toolusion of altered channel geometries. For example, in some aspects, the lengti. 
of a first anti second spacer regions can be «=commodate<i by a serpemine. square- 
wave saw rooth or other reciprocating channel geometry. This allows packing a 
^mber of reaction channels onto tite limited area of the substrate 

surface. 

Once aligned with the pataUel reaction channeU. the sample, or 
subject maKrial, is then moved into U>e parallel teacuon channels 612-620 by 
applymg a firs. pote«ial to reservoirs 650 and 652. while applying a second 
pcemial to reservoirs 658 and 660, whereby fluid Ho* through parallel pumptng 
chapels 636*16 forces Ote subject material mto parallel reaction channels 612-620, 
as shown in Figure 6C. During this process, no potential is applied at reservotrs - 
648 654 656. or the terminus of sample channel 604. Parallel cham«U 636^ 
aod'622-632 are generally adjusted in lengti, such Uut me total cham«l lengti,, and 
du:s ti« level of resistance, from reservoirs 650»,d652tocham«1604andfrom 
«^oirs 658 and 660 to channel 606. for any pad, taken will be tite same. 
Resisumce can generally be adjusted by adjusting channel lengd. or widtt,. For 
example, channels can be lengti«ned by including folding or serpentine geometnes. 
Alti»ugh not shown as such, to accomplish tins same channel lengd,, chamois 636 
^ 646 would be ti« longest and 640 and 642 ti« shortest, to create symmetnc 
flow tiKreby forcing die samples into ti,e chamKls. As can be seen, dunng 
flowing of dK samples ti™.gh channels 612-620, dK resistance widm, ««se 
oham»ls will be ti,e same, as d« individual channel lengd, is d,e s«ne. 

Followtag die reaction to be screened. tiK subject matenal 
rcgion^signal element is moved into detection cham«l 606 by applying a potential 
ftom reservoirs 650 and 652 to reservoin. 658 and 660. whUe d« po.««ials at ti,e 
„»aining reservoirs are allowed to float. The subject material regions/s,gnal are 
U,en serially moved pas. ti,e de«tion window/detector 662 by applying potemuls t 
reservoirs 654 and 656, while applying appropriate potentials at d« termm, of Bw 
otitcr transverse chamKls to prevent any flow along tiK various parallel channels. 



wo 98/00231 



PCT/US97/10894 



44 



Although shown with channels which intersect at right angles, it will 
be appreciated that other geometries are also appropriate for serial input parallel 
reactions. For example. USSN 08/835.101. filed April 4. 1997. describes 
advantages to parabolic geometries and channels which vary in width for control of 
fluid flow. In brief, fluid flow in electroosmotic systems is controlled by and 
therefore related to current flow between electrodes. Resistance in the fluid 
channels varies as a function of path length and width, and thus, different length 
channels have different resistances. If this differential in resistance is not corrected 
for. it results in the creation of transverse electrical fields which can inhibit the 
ability of the devices to direct fluid flow to particular regions. The current, and 
thus the f -"H flow, follows the path of least resistance, e.g., the shortest path. 
WhUe diis problem of transverse electrical fields is alleviated through the use of 
separate electrical systems, i.e.. separate electrodes, at the termini of each and 
every parallel channel, production of devices incorporating all of these electrodes, 
and control systems for controlling the electrical potential applied at each of these 
electrodes can be complex, particularly where one is dealing with hundreds to 
thousands of parallel channels in a single small scale device, e.g., 1-2 cm2. 
Accordingly, the present invention provides microfluidic devices for affecting serial 
to parallel conversion, by ensuring that current flow through each of a plurality of 
parallel channels is at an appropriate level to ensure a desired flow pattern through 
those channels or channel networks. A number of methods and substrate/channel 
designs for accomplishing these goals are appropriate. 

In one example of parabolic geometry for the channels in an 
apparams of the invention, the substrate includes a main channel. A series of 
parallel channels terminate in a main chamiel. The opposite termmi of these 
parallel channels are comiected to parabolic chamiels. Electrodes are disposed at 
the termini of these parabolic channels. TTie current flow in each of the parallel 
chamiels is maintained constam or equivalent, by adjusting the length of the parallel 
chamiels. resulting in a parabolic channel strucmre comiecting each of the parallel 
chamiels to its respective electrodes. The voltage drop within the parabolic chamiel 
between the parallel chamiels is maintained constant by adjusting the chamiel width 
to accommodate variations in the chamiel current resulting from the parallel currem 
paths created by these parallel chamiels. The parabolic design of the chamiels. in 
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o^btauon »i* to uperini saucmrcs, re»lu i» the r«is«.« alo,^ of 1« 
P3^,e, ch«»«U being e<pa!. resuldng in an fluid flow, regardless of *e pad, 
Chosen. Go^rally, determining fl« din«..ions of channels to ensure fta. d« 
,«i«ances antong the channels are control^ as desit«.. ^, be carried out hy well 
known med»ds, and generally depends upon facu.rs such as the make-up of U« 

fluids betag moved ttirough die substrates. 

Aldtough generally described in terms of screening assays for 
i^ficarion of compounds which affect a particular interacdon, based upon fl« 
present disclosure, it wUl be readily appreciated dm. d»= above descnbed 
microlaboratory systems may also be used to screen for compounds whrch 
specifleally uKerac. wid, a componem of a bi«hemical system widK« n^essanly 
affectmg an interaction between that componem ^ anod«r elemem of 0« 
biochemical system. Such compoumis ^ically include binding compounds whKh 
may generaUy he used in. e.g., diagr^suc ar.. d«rape«ic applicadons » ta^eut* 
^s for dterapemics or marker groups, i.e. radionuclides, dyes and the Itke^ For 
example, dtese systems are optionally used to screen test compounds for ^ abtltty 
to bind to a given component of a biochemical system. 

II Mirrnlaborat ory Svstcm 

Aldtough generany described in tem« of individual discrete devtces, 
for ease of operadon. d>e syst«ns described will typically be a par. of a larger 
system which can moni.or and control *e funcdoning of the devices, eid«r on an 
individual basis, or in paralW, multi-device screens. An example of such a sys«m 

is shown in Figures 7. 

As sho«.n in Figure 7, d.e sysBm may include a ttst compound 
processing system 700. The s,st«n shown includes a platform 702 which can hold 
a number of separate assay chips or devices 704. As shown, each chip includes a 
^rnber of discrete assay chamtels 70«, each having a separate interface 708, e.g. 
pipcttor, for introducmg «s. compounds inK. ^ device. Tl^se interfaces are used 
,0 sip test compomuis inK, ^ device, separated by sipping firs, and second spacer 
fluids, into the device. In dte system shown. U,= interfaces of d« chip are inserted 
teough an opening 710 in d« bottom of d,e platform 702, which is capable of 
being raised a»i lowered to place d,e interfaces in conuct wid. test compounds or 
wash/ftrst spacer fluids/second spacer fluids, which are conntined in, e.g., mui..well 
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micro plates 711. positioned below the platfonn. e.g.. on a conveyor system 712 
In operation, multiwell plates containing large numbers of different test compounds 
are stacked 714 at one end of the conveyor system. H^e plates are placed upon the 
conveyor separated by appropriate buffer reservoirs 716 and 718. which may be 
filled by buffer system 720. Tb. plates ar^ stepped down the conveyor and the test 
compounds are sampled into the chips, interspersed by appropriate spacer fluid 
regions. After loading the test compounds into the chips, the multiwell plates are 
then collected or stacked 722 at the opposite end of the system. TTre overall control 
system includes a number of mdividual micrx)laboratory systems or devices, e.g. as 
shown in Figure 7. Each device is comiected to a computer system which is 
appropriately programmed to control fluid flow and direction widiin the various 
chips, and to monitor, record and analyze data resulting from die screening assays 
that are performed by the various devices. The devices will typically be connected 
to the computer through an intermediate adapter module which provides an interface 
between die computer and the individual devices for implementing operational 
mstructions from the computer to the devices, and for reporting data from the 
devices to the computer. For example, the adapter will generally include 
appropriate comiections to corresponding elements on each device, e.g.. electrical 
leads com^ted to the reservoir based electrodes that are used for electroosmotic 
fluid flow, power inputs and data outputs for detection systems, either electrical or 
fiberopac. and data relays for other sensor elements incorporated into the devices. 
The adapter device may also provide enviromnental control over the individual 
devices where such control is necessary, e.g.. maintaining the individual devices at 
optmial temperamres for performing the particular screening assays. 

As shown, each device is also equipped with appropriate fluid 
mterfaces. e.g.. micropipettors. for introducing test compounds into the individual 
devices. The devices may readily be attached to robotic systems which allow test 
compounds to be sampled from a number of multiwell plates that are moved along a 
conveyor system. Intervening spacer fluid regions can also be introduced via a 
spacer solution reservoir. 
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'^^n pumping nuids or oto««ria..e.e«roosmotica.,y or 

«.c „f the invention, chemical species in the 

flQkl un be degradtd if liigh voluges or cunenis arc appi , 

fluKl canoe sr Dcsims which reoni ■"O"™"'"' "^"^ 

applied for a long penod of .m.c^ D«.^ 

specie, from U« e>«.r»ic ,0 a ^'-'^ 

^ies .0 eiecuode improve performance of ctomca yx ^ 

..a.^ degrada^n of chemica. 

particularly preferred in assay systems where voltages 

^ o several hours to several days. 

Becrode de.g« which reduce degrada.io« of chemical m^ 
01 die invendon a. iUus^ed h, c^sideraUon o, HG 12, paneb A-G. Tl>e 

assays oi me mvcu -lectrode to the channel 

designs rerardd* moving of chemical species from dK electrode. 

!Z1 or reurd .he movcmen. of chemical species » d« eU«rode unprove 

mimical assays HG 12 A shows a .ypical electtode des,gn. m 
performance of chemKal assays. 1215 ftaidly com««d » 

Which elecmvie 1211 is paimlly ^nhmerged m reservoir 1215 fhn 

fluid cham»l 1217. ,1^ 

la comparison, Flu u u uiuu*;^ 

frit 1219 and fluid reservoir 1221 fluidly connected to fluid channel 1223. 

FIG 12 C reduces degradation of chemical species by pro.dmg 

A ■ r,«t fluid reservoir 1227 fluidly connected to second 
electrode 1225 submersed m first fluid reservou 

electroae i^^ diffiision, but has a low 

nuid reservoir 1229 by large channel 1231 which imuis 

electroosmotic flow. -lArtrode 

HG 12D provides a similar nvo par. reservoir, m wtach electrode 

,^5 is submersed in fust fluid reservoir 1237 fluidl, comiecied . 

1241 by small channel 124, which is «a«d .o reduce or elm>ma.e 

electroosmotic flow, , 

HG 12E provides another similar two part reservoir, m which 

A ■ r«r fluid reservoir 1247 fluidly connected to second 
Piectrode 1245 is submersed m first fluid reservoir 

electrode wi Channel 1253 is filled with a material such 

fluid reservoir 1251 by channel 1253. Channel 1 ^ow. 
as gel. Agar, glass beads or odier matnx material for reducmg 
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HG 12F provides a variant two part reservoir system, in which 
electrode 1255 is submersed in first fluid reservoir 1257 fluidly connected to second 
fluid reservoir 1259 by channel 1261. The fluid level in second fluid reservoir 
1259 is higher than the fluid level in first fluid reservoir 1257, which forces fluid 
towards electrode 1255. 

HG 12G provides a second variant two pan reservoir, in which 
electrode 1265 is submersed in first fluid reservoir 1267 fluidly connected to second 
fluid reservoir 1269 by chamiel 1271. The diameter on first fluid reservoir 1267 is 
small enough that capUlary forces draw fluid into first fluid reservoir 1267. 

Modifications can be made to the mediod and apparanis as 
hereinbefore described without departing from the spirit or scope of the invention as 
claimed, and the invention can be put to a number of differem uses, mcluding: 

The use of a microfluidic system containing at least a first substrate 
having a first chamiel and a second chamiel intersecting said first chamiel. at least 
one of said chamois having at least one cross-sectional dimension in a range from 
0.1 to 500 Mm. in order to test the effect of each of a plurality of test compounds on 
a biochemical system. 

The use of a microfluidic system as herembefore described, wherein 
said biochemical system flows through one of said chamiels substantially 
cominuously. enabling sequential testing of said plurality of test compounds. 

The use of a microfluidic system as hereinbefore described, wherein 
the provision of a plurality of reaction chamiels in said first substrate enables 
parallel exposure of a plurality of test compounds to at least one biochemical 
system. 

The use of a microfluidic system as hereinbefore described, wherein 
each test compomid is physically isolated from adjacent test compomids. 

The use of a substrate carrying intersecting chamiels in screening test 
materials for effect on a biochemical system by flowing said test materials and 
biochemical system together using said channels. 

The use of a substrate as hereinbefore described, wherein at least one 
of said chamiels has at least one cross-sectional dimension of range 0. 1 to 500 ^m. 

An assay utilizing a use of any one of the microfluidic systems or 
substrates hereinbefore described. 
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The invention provides, inter alia, an apparams for detecting an 
effect of a test compound on a biochemical system, comprising a substrate having at 
least one surface with a plurality of reaction channels fabricated into the surface. 
Apparams as heit^inbefore described, having at least two transverse channels 
fabricated into the surface, wherein each of the plurality of reaction chamois is 
fluidly connected to a first of the at least two transverse channels at a first point in 
each of the reaction chamiels, and fiuidly connected to a second transverse chamiel 
at a second point in each of the 'reaction chamois and an assay apparams including 
an apparams as hereinbefore described are also provided. 

I ^amples 

The following examples are provided by way of illustration only and 
not by way of limitation. Those of skill wUl readily recognize a variety of 
noncritical parameters which can be changed or modified to yield essentially similar 

results. 

Fxamnle 1- FnT yme Inh ibitor Screen 

The efficacy of performing an enzyme inhibition assay screen was 
demonstrated in a planar chip format. A 6-port planar chip was employed having 
the layout shown in Figure 8. The nmnbers adjacent the chamiels represem the 
lengths of each chamiel in millimeters. Two voltage states were applied to the ports 
of the chip. The first state (State 1) resulted in flowing of enzyme with buffer from 
the top buffer well into the main chamiel. The second voltage state (State 2) 
resulted in the interruption of the flow of buffer from the top well, and the 
introduction of inhibitor from the inhibitor well, into the main chamiel along with 
the enzyme. A control experimem was also run in which buffer was placed into the 
inhibitor well. 
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Applied voltages at each pon for each of the two applied voltage 
states were as follows: 

State I State 2 

Top Buffer WeU a) 1831 1493 

Inhibitor WelKD) 1493 1900 

Enzyme Well (ID) 1391 jgpj 

Substrate Well (IV) 1442 1442 

4. 

Bottom Buffer Well (V) 1442 1442 
Detect./^ aste Well (VI) 0 q 

To demonstrate the efficacy of the system, an assay was designed to 

screen inhibitors of ^-galactosidase using the following enzyme/substrate/inhibitor 
reagents: 

Enzyme: ^-Galactosidase (180 U/ml in 50 mM Tris/ 300 fig/ml BSA 

Substrate: Fluorescein-digalactoside (FDG) 400 

Inhibitor: JPTG, 200 mM 

Buffer: 20 mM Tris, pH 8.5 
Enzyme and substrate were continually pmnped through the main chamiel from their 
respective ports mider both voltage states. Inhibitor or Buffer were delivered into 
the main chamiel alternately from their respective wells by alternating between 
voltage state 1 and voltage state 2. When no inhibitor was prcsem at the detection 
end of the main chamiel, a base line level of fluorescent product was produced. 
Upon introduction of inhibitor, the fluorescem signal was greatly reduced, 
indicating inhibition of the enzyme/substrate interaction. Fluorescem data obtained 
from the alternating delivery of inhibitor and buffer into the main chamiel is shown 
in Figure 9A. Figure 9B a supeqjosition of the two data segments from Figure 9A, 
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atacuy comparing *e tahibUor data wifl. conTol (buffer) da». The co«roi shows 

a «mor fl««uado„ ta tt« fluoresce signal tot appantnUy resulted from a 
«o„ of ^ enzyme substrate mixmre. whereas the inhibitor screen shows a 
s^tial reduction in the fluon«cent signal, indicating clear inhibUion. 

An assay screen is performed to identify inhibitors of an enzyntatic 
^tion. A schematic of ti« chip to be used is shown in Figure .0. n« chip has a 
^on channel 5 cm in hngm which i^lndes a 1 cm incubation zone and a 4 cm 

^Uon zone. The reservoir a. tite beginning of the s^nple channel is fdled wiU, 

solution ^ the side reservoir is fiW with tite fluorogenic substrate. Ea* 
of ti» enzyme and sub«rate are dUuted to provide for a steady state signal in the 
^ signal range for ti« assay system, a. the detector. Potentials are applied at 
each of the reservoirs (sample scarce, enzyme, substrate and waste) to achieve an 
applied fleld of 200 Wcm. This applied field produces a flow rate of 2 mm/second. 
During passage of a given sample through the chip, there will generally he a 
diffusive broadetnng of the sample. For example, in the case of a small molecule 
sample, e.g., 1 mM benzoic acid diffusive broadening of apptoximately 0.38 mm 
and an electrophoretic shift of 0.4 mm is seen. 

Subject material regions comaining test compounds in 150 mM NaCl 
are introduced into the sample chamKl separated by first spacer regions of 150 mM 
NaCl and second sp^r regions of 5 mM borate buffer. Once introduced into the 
sample channel shown, the subject material region requires 12 seconds to travel the 
length of the sample channel and reach the incubation zone of .he reaction channel. 
This is a result of the flow rate of 2 mm/sec, allowmg for 1 second for moving the 
sample pipenor from the sample to the spacer compounds. Allowmg for these 
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intenuptions. the net flow rate is 0.68 nun/sec. Another 12 seconds is required for 
the enzyme/test compound mixture to travel through the incubation zone to the 
intersection with the substrate channel where substrate is continuously flowing into 
the reaction zone of the reaction channel. Each subject material region containing 
the test compounds then requires 48 seconds to travel the length of the reaction zone 
and past die fluorescence detector. A schematic of timing for subject material 
region/spacer region loading is shown in Figure 11. The top panel shows the 
subject materiayfirst spacer region/second spacer region distribution within a 
channel, whereas the lower panel shows the timing required for loading the chamiei. 
As shown, the schematic includes the loadmg (sipping) of high salt (HS) first spacer 
fluid ("A"), moving the pipettor to die sample or subject material ("B"). sipping the 
sample or subject material ("C"). moving the pipettor to the high salt first spacer 
fluid (-D") sipping the first spacer fluid ("E"), moving the pipettor to the low salt 
(LS) or second spacer fluid (T"). sipping the second spacer fluid ("G") and 
remming to the first spacer fluid ("H"). The process is then repeated for each 
additional test compound. 

A constant base fluorescent signal is established at the detector in the 
absence of test compounds. Upon introduction of the test compounds, a decrease in 
fluorescence is seen sunilar to that shown in Figures 9A and 9B, which, based upon 
time delays, corresponds to a specific individual test compound. This test 
compound is tentatively identified as an inhibitor of the enzyme, and further testing 
is conducted to confirm this and quantitate the efficacy of this mhibitor. 
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While the foregoing invention has been described in some detail for 
purposes of clarity and understanding, it will be clear to one skilled in the art from 
a reading of this disclosure that various changes in form and detail can be made 
without departing from the true scope of the invention. All publications and patent 
documents cited in this application are incorporated by reference in their entirety for 
all purposes to ±c same extent as if each individual publication or patent document 
were so individually denoted. 
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WHAT IS CLATVfFD T<;- 

1. An apparatus for screening test compounds for an effect on a 
biochemical system, comprising: 

a substrate having at least one surface; 
at least two intersecting channels fabricated into said surface 
of said substrate, at least one of said at least two intersecting chamiels having at 
least one cross-sectional dimension in the range from about 0;1 to about 500 ^m: 

a source of a plurality of different test compounds Huidly 
connected to a first of said at least two intersecting channels; 

a source of at least one component of said biochemical system 
fluidly connected to a second of said at least two intersecting channels; 

a fluid direction system for flowing said at least one 
componem within said second of said at least two intersecting chamiels and for 
introducing said differem test compounds from said first to said second of said at 
least two intersecting channels; 

a cover mated widi said surface; and 

a detection zone in said second channel for detecting an effect 
of said test compound on said biochemical system. 



2. The apparatus of claim 1 . wherein said fluid direction system 
generates a continuous flow of said at least first component along said second of 
said at least two intersecting chamiels. and periodically injects a test compound from 
said first channel into said second channel. 




# 
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3. The apparatus of claim I , ftirther comprising a source of a 
second component of said biochemical system, and a third channel fabricated into 
said surface, said third chamiel fluidly comiecting at least one of said at least two 
intersecting chamiels with said source of said second component of said biochemical 
system. 



4. The apparatus of claim 3. whwin said Huid direcUon system 
a contiguous flow of a mixtu,. of said first compotm a.Ki said second 
componem along said s«:ond of saU. at least two intersecting channels, and 
periodically injects a test compound from said first chamtel into said seco«l 
chamiel. 



5. The apparams of claim I, wherein said fluid direction system 
continuously flows said plurality of different test compounds from said first into 
said second of said at least two intersecting chamiels. each of said plurality of 
different test compounds being separated by a fluid spacer. 



6 
7 
8 



6. 



The apparams of claim 1, wherein said fluid direction system 



comprises: 



at least 



three electrodes, each electrode being in electrical 



contact with said at least two intersecting chamiels on a different side of an 
intersection formed by said at least two intersecting chamiels; and 

a control system for concomitantly applying a variable voltage 
at each of said electrodes, whereby movement of said test compounds or said at 
least first component in said at least two intersecting channels are controlled. 



wo 98/00231 



56 



7. 



The apparatus of claim 1, wherein said detection system 
includes a detection window in said second channel. 



8. The apparatus of claim 7, wherein said detection system is a 
fluorescent detection system. 



9. 



The apparatus of claim 1, wherein said substrate is planar. 



10. 



etched glass. 



etched silicon. 



The apparatus of claim 1 , wherein said substrate 



comprises 



11. The apparatus of claim 1, wherein said substrate 



comprises 



12. The apparatus of claim 1. further comprising an insulating 
layer disposed over said etched silicon substrate. 



13. 



The apparams of claim 1, wherein said substrate 



is a molded 



polymer. 



14. 



The apparams of claim 1, wherein said at least one componem 
of a biochemical system comprises an enzyme, and a substrate which produces a 
detectable signal when reacted widi said enzyme. 
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15. The apparatus of claim 14. wherein said substrate is selected 
from the group consisting of chromogenic and fluorogenic subsuates. 



16. The apparams of claim 1 . wherein said at least first 
component of a biochemical system comprises a receptor/ligand binding pair, 
wherein at least one of said receptor or ligand has a detectable signal associated 
therewith. 



17. The apparams of claim 1 . wherein said first component of a 
biochemical system comprises a receptor/ligand binding pair, wherein binding of 
said receptor to said ligand produces a detectable signal. 



18. The apparams of claim 1 , the apparams further compnsmg a 
plurality of electrodes in a plurality of reservoirs fluidly comiected to one or more 
of said intersecting chamiels and a control system for concomitantly applying a 
voltage to each of said electrodes, whereby movement of said first component m 
said at least two intersecting channels is controlled. 



19. The apparams of claim 18, wherein the apparams minimizes 
degradation of chemical species present in said reservoirs or said intersecting 
channels. 



1 20. The apparams of claim 19, wherein the apparams further 

comprises one or more component for reducing electroosmotic flow, selected from 
3 the group consisting of: 
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a frit on one or more of the electrodes, which frit reduces electroosmotic 
flow towards the one or more electrodes; 

a large channel between at least two of said reservoirs, which large channel 
limits diffusion of said chemical species, the channel having low electroosmotic 
flow; 

a narrow channel between at least two of said reservoirs, which narrow 
channel limits diffusion of said chemical species, the narrow channel treated to 
reduce electroosmotic flow; 

a filled channel between at least two of said reservoirs, which filled channel 
comprises a matrix to limit transport of said chemical species through the filled 
channel, the filled channel thereby having low electroosmotic flow; 

a high reservoir having a fluid level higher than at least one low reservoir, 
which high reservoir is fluidly connected to said low reservoir, which low reservoir 
comprises an electrode, wherein fluid pressure between the high reservoir and die 
low reservoir reduces electroosmotic flow towards the electrode; and. 

a dual reservoir system with a first reservoir fluidly connected through a 
comiecting channel to a narrow diameter second reservoir adapted to receive one of 
the plurality of electrodes, said narrow diameter second reservoir adapted to draw 
fluid by capillary electrophoresis towards the one electrode, thereby countering 
electroosmotic flow in the connecting channel. 



21. An apparatus for detecting an effect of a test compound on a 
biochemical system, comprising: 

a substrate having at least one surface; 

a plurality of reaction channels fabricated into said surface; 
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c at least two transverse channels fabricated into said surface, 

b 

6 each of said plurality of reaction channels being fluidly connected to a first of said 

7 at least two transverse channels at a first point in said reaction channels, and Huidly 

8 connected to a second of said at least two transverse channels at a second point in 

9 said reaction channels, said at least two transverse channels and said plurality of 

10 reaction channels each having at least one cross-sectional dimension in the range 

11 from about 0.1 to about 500 fim; 

^2 a source of at least one component of said biochemical system, 

13 said source of at least one component of said biochemical system being fluidly 

14 connected to each of said plurality of reaction channels; 

a source of test compounds fluidly connected to said first of 

16 said at least two transverse channels; 

3^7 a fluid direction system for controlling movement of said test 

18 compound and said at least one component within said at least two transverse 

19 channels and said plurality of reaction channels; 

20 a cover mated with said surface; and 

21 a detection system for detecting an effect of said test 
2 2 compound on said biochemical system. 

1 22. The apparaws of claim 21. wherein said fluid control system 

2 comprises: 

3 a plurality of individual electrodes, each in electrical contact 

4 with each terminus of said at least two transverse channels; and 

5 a control system for concomitantly applying a variable voltage 

6 at each of said electrodes, whereby movement of said test compounds or said at 
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least first component in said at least two transverse channels and said plurality of 
reaction channels are controlled. 



23. The apparatus of claim 21. wherein each of said plurality of 
reaction channels comprises a bead resting well at said first point in said plurality of 
reaction channels. 



24. The apparatus of claim 21 , wherein said source of at least one 
component of a biochemical system is fluidly connected to said plurality of reaction 
channels by a third transverse channel, said third transverse channel having at least 
one cross sectional dimension in a range of from 0. 1 to 500 fim and being fluidly 
connected to each of said plurality of reaction channels at a third point in said 
reaction channels. 



25. The apparatus of claim 21, wherein said third point in said 
reaction channels is intermediate to said first and second points in said reaction 
chaimels. 



26. The apparams of claim 25, further comprising a particle 
retention zone in each of said plurality of reaction channels, between said third and 
said second points in said plurality of reaction channels. 



27. The apparams of claim 26, wherein said particle retention 
zone comprises a panicle retention matrix. 
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28. The apparatus of claim 26, wherein said particle retention 
zone comprises a microstructural filter. 



29. The apparatus of claim 21, wherein said plurality of reaction 
channels comprises a plurality of parallel reaction channels fabricated into said 
surface of said substrate and said at least two transverse channels are connected at 
opposite ends of each of said parallel reaction channels. 



30. The apparatus of claim 21 , wherein said at least two 
transverse chamiels are fabricated on said surface of said substrate in imier and 
outer concentric channels, respectively, and said plurality of reaction channels 
extend radially from said inner concentric chamiel to said outer concentric chamiel 



31. The apparams of claim 30, wherein said detection system 
comprises a detection window in said second channel. 



32. The apparams of claim 30. wherein said detection system is a 



fluorescent detection system 



33. The apparams of claim 21 , wherein said substrate is planar. 



1 



2 



34. 

etched glass. 



The apparams of claim 21, wherein said substrate comprises 
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35. The apparatus of claim 21, wherein said substrate comprises 

etched silicon. 



36. The apparatus of claim 21. further comprising an insulating 
layer disposed over said etched silicon substrate. 



37. The apparatus of claim 21, wherein said substrate is a molded 



polymer. 



38. The apparatus of claim 21, wherein said at least one 
component of a biochemical system comprises an enzyme, and an enzyme substrate 
which produces a detectable signal when reacted with said enzyme. 



39. The apparams of claim 38, wherein said enzyme substrate is 
selected from the group consisting of chromogenic and fluorogenic substrates. 



40. The apparams of claim 21, wherein said at least first 
component of a biochemical system comprises a receptor/ligand binding pair, 
wherein at least one of said receptor or ligand has a detectable signal associated 
therewith. 



41. The apparams of claim 21, wherein said first component of a 
biochemical system comprises a receptor/ligand binding pair, wherein binding of 
said receptor to said ligand produces a detectable signal. 
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42. A method of determining whether a sample contains a 

compound capable of affecting a biochemical system, comprising: 

providing a substrate having at least a first surface, and at 
least two intersecting chamiels fabricated in said first surface, at least one of said at 
least two intersecting chamiels having at least one cross-sectional dimension in a 

range from 0. 1 to 500 fua; 

flowing a first componem of a biochemical system in a first of 

said at least two intersecting channels; 

flowing said sample from a second channel into said first 
channel whereby said sample contacts said first component of said biochemical 
system; and 

detecting an effect of said at least sample on said biochemical 

system. 



43. The method of claim 42, wherein said at least first component 
of a biochemical system comprises at least one member of an antibody/antigen 
binding pair, wherein said antibody is specifically immunoreactive with said 



antigen. 



44. The method of claim 42, wherein said at least first component 
of a biochemical system comprises an antibody and an antigen specifically reactive 
with said antibody. 



45. The method of claim 42, wherein one of said antibody or 
antigen comprises a detectable labelling group. 
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46. The method of claim 42, wherein said at least first component 
of a biochemical system comprises at least one member of a receptor/ligand binding 
pair. 



47. The method of claim 42, wherein said at least first component 
of a biochemical system comprises a receptor and a ligand capable of specifically 
binding to said ligand. 



48. The method of claim 42, wherein said sample is derived from 



a patient. 



49. The method of claim 48, wherein said sample is blood- 



derived. 



50. The method of claim 42, wherein said detecting step 
comprises measuring a parameter of said biochemical system in the presence and 
absence of said sample, and comparing the measured parameter in the presence of 
said sample to the measured parameter in the absence of said sample, a change in 
said parameter being indicative that said sample has an effect on said biochemical 
system. 



51. An apparatus for screening test compounds for an effect on 



biochemical system, comprising: 



a substrate having at least one surface, and comprising at least 



two intersecting channels fabricated into said surface of said substrate, at least 



one 



10 



11 



12 



15 



16 



17 



8 




# 
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5 of said at least two intersecting channels having at least one cross-sectional 

6 dimension in the range from about 0. 1 to about 500 Mm: 

a source of a sample fluidly connected to a first of said at least 

8 two intersecting channels; 

a source of at least one component of said biochemical system 



fluidly connected to a second of said at least two intersecting channels; 

a fluid direction system for flowing said at least one 
component within said second of said at least two intersecting channels and for 
introducing said sample from said first to said second of said at least two 



13 

14 intersecting channels; 

a cover mated with said surface; and 
a detection zone in said second chamiel for detecting an effect 



of said sample on said biochemical system. 



52. A method of screening a plurality of test compounds for an 

effect on a biochemical system, comprising: 

providing a substrate having at least a first surface, and at 
least two intersecting channels fabricated in said first surface, at least one of said at 
least two intersecting channels having at least one cross-sectional dimension in a 

range from 0.1 to 500 urn; 

flowing a first component of a biochemical system in a first of 

said at least two intersecting channels; 

flowing at least a first test compound from a second channel 

9 

10 into said first chamiel whereby said first test compound contacts said first 

11 componem of said biochemical system; and 



wo 98/00231 

PCT/US97/10894 

66 

detecting an effect of said at least first test compound on said 
13 biochemical system. 



12 



53. The method of claim 52, wherein said at least first component 
of a biochemical system produces a detectable signal representative of a function of 
said biochemical system. 



54. The method of claim 52, wherein said at least first component 
further comprises an indicator compound which interacts widi said first componem 
to produce a detectable signal representative of a functioning of said biochemical 
system. 



55. The method of claim 52, wherein said first component of a 
biochemical system comprises an enzyme and a substrate for said enzyme, wherein 
action of said enzyme on said substrate produces a detectable signal. 



56. The method of claim 52, wherein said first component of a 
biochemical system comprises a receptor/ligand binding pair, wherein at least one of 
said receptor or ligand has a detectable signal associated therewith. 



1 



2 



3 



57. The method of claim 52, wherein said first component of a 
biochemical system comprises a receptor/ligand binding pair, wherein binding of 
said receptor to said ligand produces a detectable signal. 
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58. The method of claun 52, wherein said at least first component 
of a biochemical system is a biological barrier and said effect of said at least first 



test com 



pound is an ability of said test compound to traverse said barrier. 



59. nie method of claim 58. wherein said barrier is selected from 
the group consisting of an epithelial or an endothelial layer. 



60 



The method of claim 52. wherein said at least first componem 



of a biochemical system comprises cells, and said detecting step comprises 



determining an 



effect of said test compound on said cells, 



61 



The method of claim 60. wherein said cells are capable of 



producing a detectable signal corresponding to a cellular function, and said detecting 
step comprises detecting an effect of said test compound on said cellular function by 
detecting a level of said detectable signal. 



62. The method of claim 60, wherein said detecting step 
comprises detecting an effect of said test compound on viability of said cells. 



63. A method of screening a plurality of test compounds for an 

effect on a biochemical system, comprising: 

providing a substrate having at least a first surface, and at 
least two intersecting chamiels fabricated in said first surface, at least one of said at 
least two intersecting chamiels having at least one cross-sectional dimension in a 
range from 0. 1 to 500 fim; 
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continuously flowing a first component of a biochemical 
system in a first channel of said at least two intersecting channels; 

periodically introducing a different test compound into said 
first channel from a second channel of said at least, two intersecting channels; and 

detecting an effect of said test compound on said at least first 
component of a biochemical system. 



64. The method of claim 63, wherein said step of periodically 
introducing comprises flowing a plurality of different test compounds into said first 
channel from a second channel of said at least two intersecting channels, each of 
said plurality of different test compounds being physically isolated from each other 
of said plurality of different test compounds. 



65, The method of claim 63, wherein said at least first component 
of a biochemical system produces a detectable signal representative of a ftmction of 
said biochemical system. 



66. The method of claim 65, wherein said detecting comprises 
monitoring said detectable signal from said continuously flowing first component at 
a point on said first channel, said detectable signal having a steady state intensity, 
and wherein said effect of said interaction between said first component and said 
test compound comprises a deviation from said steady state intensity of said 
detectable signal. 
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67. The method of claim 65 . wherein said at least first component 
further comprises an indicator compound which interacts with said first component 
to produce a detectable signal representative of a functioning of said biochemical 

system. 



68. The method of claim 67. wherein said first component of a 
biochemical system comprises an enzyme and said mdicator compound comprises a 
substrate for said enzyme, wherein action of said enzyme on said substrate produces 
a detectable signal. 



69. -me method of claim 65 . wherein said at least first component 
of a biochemical system comprises a receptor/ligand binding pair, wherein at least 
one of said receptor or ligand has a detectable signal associated therewith. 



70. The 



method of claim 69, wherein said receptor and said ligand 



now along said first channel at different rates. 



71. The method of clarni 65 . wherein said first component of a 
biochemical system comprises a receptor/ligand binding pair, wherein binding of 
said receptor to said ligand produces a detectable signal. 



72. The method of claim 63, wherein said at least first component 
of a biochemical system comprises cells, and said detecting step comprises 
determining an effect of said test compound on said cells. 
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73. The method of claim 72. wherein said cells are capable of 
producing a detectable signal corresponding to a cellular function, and said detecting 
step comprises detecting an effect of said test compound on said cellular function by 
detecting a level of said detectable signal. 



74. The method of claim 72, wherein said detecting step 
comprises detecting an effect of said test compound on viability of said cells. 



75. A method of screening a plurality of different test compounds 
for an effect on a biochemical system, comprising: 

providing a substrate having at least a first surface, and a 
plurality of reaction channels fabricated in said first surface, each of said plurality 
of reaction channels being fluidly connected to at least two transverse channels 
fabricated in said surface; 

introducing at least a first componem of a biochemical system 
into said plurality of reaction channels; 

flowing a plurality of different test compounds through at least 
one of said at least two transverse channels, each of said plurality of test compounds 
being introduced into said at least one transverse chamiels in a separate subject 
material region; 

directing each of said plurality of different test compounds 
into a separate one of said plurality of reaction channels; and 

detecting an effect of each of said test compounds on said at 
least one component of said biochemical system. 



1 

2 




PCTAJS97/10894 

•WO 98/00231 

71 

76. TTie method of claim 75, wherein said at least first component 
of said biochemical system produces a fiowable detectable signal representative of a 
function of said biochemical system. 



77. The method of claim 76. wherein said detectable fiowable 
sigr.1 produced in each of said plurality of reaction channels is flowed into and 
through said second transverse channel, each of said detectable fiowable signals 
produced in each of said plurality of reaction channels being physically isolated 
from each other of said detectable fiowable signals, whereupon each of said 
detectable fiowable signals is separately detected. 



78. The 



method of claim 76. wherein said fiowable signal 



comprises a soluble signal. 



79. The method of claim 78, wherein said soluble signal is 
selected from fluorescent or colorimetric signals. 



80. The method of claim 75, wherein said at least first component 
further comprises an indicator compound which interacts with said first component 



to produce a 



system, 



detecuble signal representative of a functioning of said biochemical 



81. The method of claim 80, wherein said first component of a 
biochemical system comprises an enzyme and said indicator compound comprises a 
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substrate for said enzyme, wherein action of said enzyme on said substrate produces 
a detectable signal. 



82, The method of claim 75, wherein said at least first component 
of a biochemical system comprises a receptor/ligand binding pair, wherein at least 
one of said receptor or ligand has a detectable signal associated therewith. 



83. The method of claim 75, wherein said first component of a 
biochemical system comprises a receptor/ligand binding pair, wherein binding of 
said receptor to said ligand produces a detectable signal. 



84. The mediod of claim 75, wherein said at least first component 
of a biochemical system comprises cells, and said detecting step comprises 
determining an effect of said test compound on said cells. 



85. The method of claim 84, wherein said cells are capable of 
producing a detectable signal corresponding to a cellular fimction, and said detecting 
step comprises detecting an effect of said test compound on said cellular function by 
detecting a level of said detectable signal. 



86. The mediod of claim 85, wherein said detecting step 
comprises detecting an effect of said test compound on viability of said cells. 



87. The method of claim 75, wherein each of said plurality of 
differem test compounds is immobilized upon a separate bead, and said step of 



8 
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directing each 



of said plurality of difterem tts, impounds into a separate one of 

said plurality of reaoion channels comprises: 

l«lging one of said separatt beads at an intersection of said 

firs, transverse channel and each of said plurality of reacaon chan«ls; and 

oontrollably releasing said test compounds from each of said 
sepan^ beads into each of said plurality of reacnon channels. 

gg. The use of a microftaidic system comaining at least a fust 
substrate having a first cham^l a». a second channel intersecting said ^ channel. 

of said channels having at least one cross-sectional dimension in a range 
ftom 0.1 to 500 ^, in order to test the eff^t of each of a plurality of test 



at least one 



compounds on a biochemical system. 

89. A use of Claim 88. wheiein said biochemical system flows 
through one of said cham^els substantially continuously, enabling sequential testing 
of said plurality of test compounds. 



90. A use of Claim 88, or claim 89. wherein the provision of a 

1 ;„ cairt first substrate enables parallel exposure of a 
plurality of reaction channels m said first suosiraic 

plurality of test compounds to at least one biochemical system. 



91. A use of any of claims 88, 89, or 90 wherein each test 
compound is physically isolated from adjacem test compounds. 
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92. The use of a substrate carrying intersecting channels in 
screening test niaierials for effect on a biochemical system by flowing said test 
materials and biochemical system together using said channels. 



93. A use of Claim 92, wherein at least one of said channels has 
at least one cross-sectional dimension of range 0. 1 to 500 /^m. 



94. An assay utilizing a use of any one of Claims 88 to 93. 



95. An apparatus for detectmg an effect of a test compound on 
biochemical system, comprising a substrate having at least one surface with a 
plurality of reaction channels fabricated into the surface. 



a 



96. An apparatus as Claimed in Claim 95, having at least two 
transverse channels fabricated into the surface, wherein each of the plurality of 
reaction channels is fluidly connected to a first of the at least two transverse 
chamiels at a first point in each of the reaction chamiels, and fluidly comiected to a 
second transverse chamiel at a second point in each of the reaction channels. 



1 



2 



97. Assay apparatus including an apparatus as claimed in Claim 95 

or Claim 1 . 
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